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This document was written to be used by administrators, supervisors,
curriculum designers, teacher educators, evaluators and students for a wide

range of activities from revising current instructional objectives to developing
evlauation instruments. Although the objectives were developed for use pri-
marily at the high school level, they may be useful at the elementary and
college levels. The document may be used in classroom situations in which
students and teachers demonstrate varying degrees of inquiry skill and attitude
development.

Recently the document has served as a basis for a doctoral dissertation
(Steiner, 156). The instruments developed in this study are being used to
evaluate components of the Developing Inquiry Skills program at the Mid-
continent Regional Educational Laboratory.

This document is viewed as a preliminary draft rather than a final state-
ment of objectives. Feedback on the use of this document will be helpful. A
questionnaire has been inserted for your comments and suggestions.

Published by Mid-continent Regional Educational Laboratory, a private
non-profit corporation supported in part as a regional educational laboratory
by funds from the United States Office of Education, Department ofHealth,
Education, and Welfare under contract number OEC-3-7-062876-3076. The
opinions expressed in this publication do not necessarily reflect the position
of policy of the Office of Education, and no official endorsement by the
Office of Education should be inferred.

ii



CONTRIBUTING AUTHORS

John R. Anderson
Mid-continent Regional Educational Laboratory

Richard M. Bingman
Mid-continent Regional Educational Laboratory

Jacob W. Blankenship
Oklahoma State University

Jack L. Carter
Colorado College

Thomas J. Cleaver
Biological Sciences Curriculum Study

Willard G. Jones
Colorado State College

Manert H. Kennedy
Biological Sciences Curriculum Study

Evelyn Klinckmann
San Francisco College for Women

Paul G. Koutnik
Mid-continent Regional Educational Laboratory

Addison E. Lee
University of Texas at Austin

Jimmy R. Stothart
Northwestern State College of Louisiana

iii



A
C

K
N

O
W

L
E

D
G

E
M

E
N

T
S

T
he

 p
io

ne
er

in
g 

ef
fo

rt
s 

in
 1

96
7 

of
 W

ill
ar

d 
Jo

ne
s,

 a
t M

id
-c

on
tin

en
t

R
eg

io
na

l E
du

ca
tio

na
l L

ab
or

at
or

y,
 a

nd
 J

ac
k 

C
ar

te
r,

at
 B

io
lo

gi
ca

l
Sc

ie
nc

es
 C

ur
ri

cu
lu

m
 S

tu
dy

, l
ed

 to
 th

is
 d

oc
um

en
t. 

In
 a

dd
iti

on
to

 th
e 

pr
in

ci
pa

l c
on

tr
ib

ut
or

s,
 th

e 
fo

llo
w

in
g

pe
rs

on
s 

w
er

e 
ve

ry
 h

el
pf

ul
in

 r
ev

ie
w

in
g 

th
e 

pr
el

im
in

ar
y 

ed
iti

on
s:

E
lb

a 
0.

 C
ar

ri
er

, H
ar

va
rd

 U
ni

ve
rs

ity
G

eo
rg

e 
D

aw
so

n,
 F

lo
ri

da
 S

ta
te

 U
ni

ve
rs

ity
Pa

ul
 D

eH
ar

t H
ur

d,
 S

ta
nf

or
d 

U
ni

ve
rs

ity
R

al
ph

 H
. O

je
m

an
n,

 E
du

ca
tio

na
l R

es
ea

rc
h 

C
ou

nc
il 

of
 A

m
er

ic
a

In
gr

ith
 D

. O
ls

en
, U

ni
ve

rs
ity

 o
f 

W
as

hi
ng

to
n 

at
 S

ea
ttl

e
G

le
n 

E
. P

et
er

so
n,

 B
io

lo
gi

ca
l S

ci
en

ce
s 

C
ur

ri
cu

lu
m

 S
tu

dy
Jo

se
ph

 J
. S

ch
w

ab
, U

ni
ve

rs
ity

 o
f 

C
hi

ca
go

Fr
an

k 
X

. S
ut

m
an

, T
em

pl
e 

U
ni

ve
rs

ity
St

an
le

y 
E

. W
ill

ia
m

so
n,

 O
re

go
n 

St
at

e 
U

ni
ve

rs
ity

A
pp

re
ci

at
io

n 
is

 a
ls

o 
ex

pr
es

se
d 

to
 K

en
ne

th
 B

in
gm

an
 a

nd
 W

ill
ia

m
 H

um
ph

ri
es

, t
ea

ch
er

s a
t S

ha
w

ne
e 

M
is

si
on

 W
es

t h
ig

h 
sc

ho
ol

, a
nd

to
 th

ei
r 

st
ud

en
ts

 w
ho

 s
up

pl
ie

d 
th

e 
te

ac
he

r-
st

ud
en

t i
nt

er
ac

tio
n 

m
at

er
ia

l i
n 

C
ha

pt
er

 S
ev

en
.

Sp
ec

ia
l a

ck
no

w
le

dg
em

en
ts

ar
e 

gi
ve

n 
to

 J
os

ep
h 

J.
 S

ch
w

ab
, t

he
 B

io
lo

gi
ca

l S
ci

en
ce

s 
C

ur
ri

cu
lu

m
 S

tu
dy

, a
nd

 th
e 

H
ar

va
rd

 U
ni

ve
rs

ity
Pr

es
s 

fo
r 

th
ei

r 
id

ea
s 

an
d 

m
at

er
ia

ls
. (

Se
e 

A
pp

en
di

ce
s 

A
 a

nd
 B

, p
p.

 8
5,

 1
07

.)
Fi

na
lly

, c
re

di
t i

s 
gi

ve
n 

to
 V

ir
gi

ni
a 

A
lf

an
da

ry
 a

nd
 J

er
ro

ld
 S

pa
dy

, w
ho

 h
el

pe
d

to
 e

di
t t

he
 f

in
al

 d
oc

um
en

t, 
Jo

an
 B

ar
te

l a
nd

 C
hi

qu
ita

M
an

ni
ng

, w
ho

 p
re

pa
re

d 
th

e 
bi

bl
io

gr
ap

hy
, a

nd
 to

 C
on

ni
e 

L
e 

E
lg

an
, V

ir
gi

ni
a

M
cB

ri
de

, a
nd

 J
ea

n 
Pe

ar
so

n,
 w

ho
 ty

pe
d 

an
d 

or
ga

ni
ze

d 
th

e
m

at
er

ia
l.



FO
R

E
W

O
R

D

T
hi

s 
w

or
k 

is
 a

 p
ro

du
ct

 o
f

a 
co

op
er

at
iv

e 
ef

fo
rt

 b
et

w
ee

n 
th

e 
B

io
lo

gi
ca

l S
ci

en
ce

s 
C

ur
ri

cu
lu

m
 S

tu
dy

 a
nd

th
e 

M
id

-c
on

tin
en

t R
eg

io
na

l
E

du
ca

tio
na

l L
ab

or
at

or
y.

 T
hi

s 
ef

fo
rt

 h
as

 p
ro

du
ce

d
a 

ca
te

go
ri

za
tio

n 
of

 b
eh

av
io

ra
l o

bj
ec

tiv
es

, e
m

ph
as

iz
in

g 
in

qu
ir

y
pr

oc
es

se
s 

as
 e

xe
m

-
pl

if
ie

d 
by

 c
on

te
nt

. I
t i

s
an

 im
po

ss
ib

le
 ta

sk
 to

 d
el

in
ea

te
 a

ll 
th

e 
be

ha
vi

or
al

 o
bj

ec
tiv

es
 to

 b
e 

de
ri

ve
d 

fr
om

an
y 

ed
uc

at
io

na
l p

ro
gr

am
.

H
ow

ev
er

, t
hi

s 
pu

bl
ic

at
io

n 
pr

es
en

ts
 r

ep
re

se
nt

at
iv

e
ex

am
pl

es
 o

f 
be

ha
vi

or
s 

in
vo

lv
in

g 
bo

th
 in

qu
ir

y
pr

oc
es

se
s 

an
d 

co
nt

en
t i

n 
bi

ol
og

ic
al

sc
ie

nc
e.

 T
he

y 
ar

e 
no

t m
an

da
to

ry
ou

tc
om

es
 b

ut
 r

at
he

r 
be

ha
vi

or
al

 g
ui

de
po

st
s 

to
en

co
ur

ag
e 

fu
rt

he
r 

de
ve

lo
pm

en
t o

f 
a 

va
ri

et
y 

of
 s

pe
ci

fi
c

be
ha

vi
or

al
 o

bj
ec

tiv
es

 b
y 

co
nc

er
ne

d 
te

ac
he

rs
. W

hi
le

th
e 

ob
je

ct
iv

es
 w

er
e 

or
ig

in
al

ly
 d

er
iv

ed
 in

 r
el

at
io

n
to

 s
pe

ci
fi

c 
m

at
er

ia
ls

 o
f 

th
e

B
io

lo
gi

ca
l S

ci
en

ce
s 

C
ur

ri
cu

lu
m

 S
tu

dy
, t

he
y

ar
e,

 b
y 

th
ei

r 
ve

ry
 n

at
ur

e,
 a

pp
lic

ab
le

 to
 a

ny
 m

od
er

n
co

ur
se

 in
 th

e 
bi

ol
og

ic
al

 s
ci

en
ce

s.
 I

n
th

at
 s

en
se

 th
ey

 a
re

 p
er

va
si

ve
 o

ut
co

m
es

 o
f 

te
ac

hi
ng

th
at

 c
om

bi
ne

 b
ot

h 
co

nt
en

t a
nd

pr
oc

es
s.

B
ot

h 
te

ac
he

rs
 a

nd
 e

du
ca

to
rs

 o
f 

te
ac

he
rs

 w
ill

 f
in

d 
th

at
de

lin
ea

tio
n 

of
 o

bj
ec

tiv
es

 te
nd

s 
to

 s
ha

rp
en

 te
ac

hi
ng

 g
oa

ls
an

d 
fo

cu
s 

te
ac

h-
in

g 
m

et
ho

do
lo

gy
. A

s
a 

gr
ou

p 
of

 e
xa

m
pl

es
 o

f 
be

ha
vi

or
al

 o
bj

ec
tiv

es
, t

hi
s 

pu
bl

ic
at

io
n 

pr
ov

id
es

en
tr

y 
in

to
 th

e 
se

lf
le

ne
ra

tio
n 

of
 o

bj
ec

tiv
es

fo
r 

a 
w

id
e 

va
ri

et
y 

of
pu

rp
os

es
. T

he
 o

bj
ec

tiv
es

 in
 th

is
 p

ub
lic

at
io

n 
se

rv
e 

bo
th

 a
s

an
 in

tr
od

uc
tio

n 
to

 c
on

st
ru

ct
io

n 
an

d 
us

e 
of

 o
bj

ec
tiv

es
an

d 
as

 a
n 

in
iti

al
 in

te
ri

m
 s

et
 o

f 
go

al
s 

fo
r 

m
od

er
n

bi
ol

og
y 

te
ac

hi
ng

.
T

he
 v

al
ue

 o
f 

co
op

er
at

iv
e 

ef
fo

rt
s 

be
tw

ee
n 

B
io

lo
gi

ca
l S

ci
en

ce
s 

C
ur

ri
cu

lu
m

 S
tu

dy
 a

nd
 M

id
-c

on
tin

en
t R

eg
io

na
l

E
du

ca
tio

na
l L

ab
or

a-
to

ry
 is

, i
n 

ou
r 

ju
dg

m
en

t, 
es

ta
bl

is
he

d 
by

 th
e 

de
ve

lo
pm

en
t o

f 
th

is
pu

bl
ic

at
io

n,
 w

hi
ch

 s
ho

ul
d 

pr
om

ot
e

a 
go

al
 s

ha
re

d 
by

 u
s 

al
l

th
e

im
pr

ov
em

en
t o

f 
ed

uc
at

io
n.

W
ill

ia
m

 V
. M

ay
er

, D
ir

ec
to

r
B

io
lo

gi
ca

l S
ci

en
ce

s 
C

ur
ri

cu
lu

m
 S

tu
dy

U
ni

ve
rs

ity
 o

f 
C

ol
or

ad
o

R
ob

er
t J

. S
ta

lc
up

,, 
D

ir
ec

to
r

M
id

-c
on

tin
en

t 1
?.

,.g
io

na
l E

du
ca

tio
na

l L
ab

or
at

or
y

r
t
i W



C
O

N
T

E
N

T
S

C
H

A
PT

E
R

 O
N

E
. R

A
T

IO
N

A
L

E

T
he

 S
ub

st
an

tiv
e 

K
no

w
le

dg
e

of
 B

io
lo

gi
ca

l S
ci

en
ce

1

T
he

 N
at

ur
e 

of
 I

nq
ui

ry
 a

nd
 it

s
R

el
at

io
n 

to
 th

e 
O

rg
an

iz
at

io
n 

an
d 

U
se

 o
f 

th
is

 D
oc

um
en

t
I

C
H

A
PT

E
R

 T
W

O
. G

U
ID

IN
G

PR
IN

C
IP

L
E

S 
O

F 
IN

Q
U

IR
Y

5

R
ec

og
ni

tio
n 

an
d 

D
if

fe
re

nt
ia

tio
n

5

I.
T

he
 T

ax
on

om
ic

 P
ri

nc
ip

le
5

II
.

T
he

 A
nt

ec
ed

en
t-

C
on

se
qu

en
t P

ri
nc

ip
le

6

II
I.

T
he

 S
tr

uc
tu

re
-F

un
ct

io
n 

Pr
in

ci
pl

e
6

T
V

.
T

he
 R

eg
ul

at
io

n 
an

d 
H

om
eo

st
as

is
Pr

in
ci

pl
e

6

V
.

T
he

 S
el

f-
R

eg
ul

at
or

y 
Sy

st
em

Pr
in

ci
pl

e
7

Sk
ill

s 
in

 C
ar

ry
in

g 
ou

t P
ri

nc
ip

le
s 

of
In

qu
ir

y
8

I.
A

ct
iv

iti
es

 C
ha

ra
ct

er
is

tic
 o

f 
th

e 
T

ax
on

om
ic

M
od

e
8

T
he

 s
tu

de
nt

 w
ill

 c
ar

ry
 o

ut
 a

ct
iv

iti
es

ch
ar

ac
te

ri
st

ic
 o

f 
th

e 
ta

xo
no

m
ic

 m
od

e
8

II
.

A
ct

iv
iti

es
 C

ha
ra

ct
er

is
tic

 o
f 

th
e

A
nt

ec
ed

en
t-

C
on

se
qu

en
t M

od
e

9

T
he

 s
tu

de
nt

 w
ill

 c
ar

ry
 o

ut
 a

ct
iv

iti
es

ch
ar

ac
te

ri
st

ic
 o

f 
th

e 
an

te
ce

de
nt

-c
on

se
qu

en
t m

od
e

9

II
I.

A
ct

iv
iti

es
 C

ha
ra

ct
er

is
tic

 o
f 

th
e 

St
ru

ct
ur

e-
Fu

nc
tio

n
M

od
e

10

T
he

 s
tu

de
nt

 w
ill

 c
ar

ry
 o

ut
 a

ct
iv

iti
es

ch
ar

ac
te

ri
st

ic
 o

f 
th

e 
st

ru
ct

ur
e-

fu
nc

tio
n 

m
od

e
10

IV
.

A
ct

iv
iti

es
 C

ha
ra

ct
er

is
tic

 o
f 

th
e

R
eg

ul
at

io
n-

H
om

eo
st

as
is

 M
od

e
11

T
he

 s
tu

de
nt

 w
ill

 r
ec

og
ni

ze
 a

ct
iv

iti
es

ch
ar

ac
te

ri
st

ic
 o

f 
th

e 
re

gu
la

tio
n-

ho
m

eo
st

as
is

 m
od

e
11

V
.

A
ct

iv
iti

es
 C

ha
ra

ct
er

is
tic

 o
f 

th
e 

Se
lf

-R
eg

ul
at

or
y

M
od

e
12

T
he

 s
tu

de
nt

 w
ill

 r
ec

og
ni

ze
 a

ct
iv

iti
es

ch
ar

ac
te

ri
st

ic
 o

f 
th

e 
se

lf
-r

eg
ul

at
or

y 
m

od
e

12

V
I.

A
 B

io
lo

gi
ca

l P
ro

bl
em

 S
ta

te
d 

in
 T

er
m

s 
of

th
e 

Fi
ve

 G
ui

di
ng

 P
ri

nc
ip

le
s

13

C
H

A
PT

E
R

 T
H

R
E

E
. M

A
JO

R
 F

A
C

T
O

R
S

IN
 I

N
Q

U
IR

Y
I.

Fo
rm

ul
at

in
g 

a 
Pr

ob
le

m
14

II
.

Fo
rm

ul
at

in
g 

H
yp

ot
he

se
s

15

II
I.

D
es

ig
ni

ng
 a

 S
tu

dy
16

IV
.

E
xe

cu
tin

g 
th

e 
Pl

an
 o

f 
In

ve
st

ig
at

io
n

17

V
.

In
te

rp
re

tin
g 

th
e 

D
at

a 
or

 F
in

di
ng

s
17

V
I.

Sy
nt

he
si

zi
ng

 K
no

w
le

dg
e 

G
ai

ne
d 

fr
om

 th
e

In
ve

st
ig

at
io

n
18

ix



C
H

A
PT

E
R

 F
O

U
R

. T
O

W
A

R
D

S 
T

H
E

 U
SE

 O
F 

B
E

H
A

V
IO

R
A

L
 O

B
JE

C
T

IV
E

S 
T

O
D

E
SI

G
N

IN
ST

R
U

C
T

IO
N

 A
N

D
 D

E
V

E
L

O
P 

E
V

A
L

U
A

T
IO

N
IN

ST
R

U
M

E
N

T
S

20

A
dd

iti
on

al
 S

pe
ci

fi
ci

ty
 f

or
 I

nq
ui

ry
 F

ac
to

rs
 (

A
nt

ec
ed

en
t-

C
on

se
qu

en
t M

od
e)

20

I.
Pr

ob
le

m
 F

or
m

ul
at

io
n

20

II
.

Fo
rm

ul
at

in
g 

H
yp

ot
he

se
s

24

II
I.

D
es

ig
ni

ng
 a

 S
tu

dy
25

IV
.

E
xe

cu
tin

g 
th

e 
Pl

an
 o

f 
In

ve
st

ig
at

io
n

27

V
.

In
te

rp
re

tin
g 

th
e 

D
at

a 
or

 F
in

di
ng

s
28

V
I.

Sy
nt

he
si

zi
ng

 K
no

w
le

dg
e 

G
ai

ne
d 

fr
om

th
e 

In
ve

st
ig

at
io

n
29

V
II

.
D

if
fe

re
nt

ia
tio

n 
of

 th
e 

V
ar

io
us

 P
ri

nc
ip

le
s 

of
 I

nq
ui

ry
31

Sa
m

pl
es

 o
f 

In
st

ru
ct

io
na

l S
tr

at
eg

ie
s 

to
 B

ri
ng

A
bo

ut
 D

es
ir

ed
 B

eh
av

io
rs

32

I.
Fo

rm
ul

at
in

g 
a 

Pr
ob

le
m

32

II
.

Fo
rm

ul
at

in
g 

H
yp

ot
he

se
s

32

II
I.

D
es

ig
ni

ng
 a

 S
tu

dy
32

IV
.

E
xe

cu
tin

g 
th

e 
Pl

an
 o

f 
th

e 
In

ve
st

ig
at

io
n

32

V
.

In
te

rp
re

tin
g 

th
e 

D
at

a 
or

 F
in

di
ng

s
33

V
I.

Sy
nt

he
si

zi
ng

 K
no

w
le

dg
e 

G
ai

ne
d 

fr
om

th
e 

In
ve

st
ig

at
io

n
33

V
II

.
D

if
fe

re
nt

ia
tin

g 
th

e 
V

ar
io

us
 P

ri
nc

ip
le

s
of

 I
nq

ui
ry

33

C
H

A
PT

E
R

 F
IV

E
. A

FF
E

C
T

IV
E

 O
R

 A
T

T
IT

U
D

IN
A

L
 Q

U
A

L
IT

IE
S 

O
F 

IN
Q

U
IR

Y
 B

E
H

A
V

IO
R

S
34

I.
C

ur
io

si
ty

34

II
.

O
pe

nn
es

s
34

II
I.

R
ea

lit
y 

O
ri

en
ta

tio
n

35

IV
.

R
is

k-
ta

ki
ng

35

V
.

O
bj

ec
tiv

ity
35

V
I.

Pr
ec

is
io

n
36

V
II

.
C

on
fi

de
nc

e
36

V
II

I.
Pe

rs
ev

er
an

ce
36

IX
.

Sa
tis

fa
ct

io
n

36
X

.
R

es
pe

ct
 f

or
 T

he
or

et
ic

al
 S

tr
uc

tu
re

s
36

X
I.

R
es

po
ns

ib
ili

ty
37

X
II

.
C

on
se

ns
us

 a
nd

 C
ol

la
bo

ra
tio

n
37

C
H

A
PT

E
R

 S
IX

. I
N

Q
U

IR
Y

 I
N

T
O

 I
N

Q
U

IR
Y

38

I.
A

na
ly

zi
ng

 R
es

ea
rc

h 
fo

r 
its

 B
as

ic
 P

ar
ts

38



II
.

A
na

ly
zi

ng
 R

el
at

io
ns

hi
ps

 A
m

on
g 

B
as

ic
 P

ar
ts

II
I.

E
va

lu
at

in
g 

a 
R

es
ea

rc
h 

R
ep

or
t

IV
.

C
om

pa
ri

ng
 S

ci
en

tif
ic

 P
ap

er
s

V
.

A
pp

ly
in

g 
Sk

ill
s 

G
ai

ne
d 

fr
om

 A
na

ly
zi

ng
 S

ci
en

tif
ic

 P
ap

er
s 

to
 O

th
er

 R
ep

or
ts

C
H

A
PT

E
R

 S
E

V
E

N
. C

L
A

SS
R

O
O

M
 D

IS
C

U
SS

IO
N

S:
 I

N
Q

U
IR

Y
IN

T
O

 I
N

Q
U

IR
Y

D
es

cr
ip

tio
ns

 o
f 

C
at

eg
or

ie
s 

U
se

d 
in

 th
e 

A
nn

ot
at

io
ns

 o
f 

th
e 

D
is

cu
ss

io
ns

I.
M

an
ag

er
ia

l Q
ue

st
io

ns
 a

nd
 S

ta
te

m
en

ts
45

II
.

G
ui

di
ng

 Q
ue

st
io

ns
 a

nd
 S

ta
te

m
en

ts
45

II
I.

T
as

ks
 o

f 
In

qu
ir

y 
in

to
 I

nq
ui

ry
46

E
xa

m
pl

es
 o

f 
C

la
ss

ro
om

 D
is

cu
ss

io
n

I.
Fi

rs
t D

is
cu

ss
io

n 
of

 "
E

xp
er

im
en

ts
 in

 P
la

nt
 H

yb
ri

di
sa

tio
n"

 (
pp

. 1
II

.
Se

co
nd

 D
is

cu
ss

io
n 

of
 "

E
xp

er
im

en
ts

 in
 P

la
nt

 H
yb

ri
di

sa
tio

n"
 (

pp

39 40 42 43 44 45

A
PP

E
N

D
IC

E
S A

.
In

te
ri

m
 S

um
m

ar
ie

s 
of

 I
nv

ita
tio

ns
 to

 E
nq

ui
ry

 f
ro

m
 th

e 
B

SC
S 

B
io

lo
gy

A
ck

no
w

le
dg

em
en

ts
T

ab
le

 o
f 

C
on

te
nt

s

B
.

C
op

y 
of

 "
E

xp
er

im
en

ts
 in

 P
la

nt
 H

yb
ri

di
sa

tio
n"

(p
p.

1-
13

) 
by

 G
re

go
r 

M
en

de
l

B
IB

L
IO

G
R

A
PH

Y

-1
3)

 b
y 

G
re

go
r 

M
en

de
l

..
46

.
1-

13
) 

by
 G

re
go

r 
M

en
de

l
61

T
ea

ch
er

s'
 H

an
db

oo
k

85 85 86 10
7

11
5



4
1*

e

C
H

A
PT

E
R

 O
N

E

R
A

T
IO

N
A

L
E

T
he

 S
ub

st
an

tiv
e 

K
no

w
le

dg
e 

of
 B

io
lo

gi
ca

l S
ci

en
ce

T
he

 c
ur

re
nt

 s
ub

st
an

tiv
e 

bo
dy

 o
f 

bi
ol

og
ic

al
 k

no
w

le
dg

e 
in

cl
ud

es
 th

e
kn

ow
le

dg
e 

of
 in

qu
ir

y 
pr

oc
es

se
s 

an
d 

th
e 

fi
nd

in
gs

 o
f 

th
es

e
in

qu
ir

ie
s.

 W
hi

le
 it

 is
 tr

ue
 th

at
 th

ey
 a

rc
 in

se
pa

ra
bl

e 
an

d 
pr

ob
ab

ly
 a

re
eq

ua
lly

 im
po

rt
an

t, 
fo

r 
m

an
y 

ye
ar

s 
in

 e
du

ca
tio

na
l p

ra
ct

ic
e 

th
e

fi
nd

in
gs

 o
f 

in
qu

ir
y 

(c
on

te
nt

) 
ha

ve
 b

ee
n 

he
av

ily
 e

m
ph

as
iz

ed
 to

 th
e

ex
cl

us
io

n 
of

 in
qu

ir
y 

pr
oc

es
se

s.
 R

ec
en

tly
 e

m
ph

as
is

 h
as

 b
ee

n 
pl

ac
ed

on
 th

e 
in

qu
ir

y 
pr

oc
es

se
s;

ho
w

ev
er

, m
an

y 
bi

ol
og

y 
te

ac
he

rs
 a

re
 n

ot
 f

am
ili

ar
 w

ith
 th

em
. F

or
 th

es
e 

re
as

on
s,

 it
is

 a
pp

ro
pr

ia
te

 th
vs

t i
nq

ui
ry

pr
oc

es
se

s 
no

w
 s

ho
ul

d 
be

 g
iv

en
 a

 g
re

at
de

al
 o

f 
at

te
nt

io
n.

 T
hi

s 
at

te
nt

io
n 

sh
ou

ld
 n

ot
 e

xc
lu

de
 o

r 
fo

re
sh

ad
ow

 th
e 

im
po

rt
an

ce
 o

f
te

ac
hi

ng
th

e 
fi

nd
in

gs
 o

f 
sc

ie
nt

if
ic

 in
qu

ir
ie

s.
 A

s 
a 

m
at

te
r 

of
 f

ac
t, 

te
ac

hi
ng

 in
qu

ir
y 

pr
oc

es
se

s
de

m
an

ds
 th

e 
te

ac
hi

ng
 o

f 
co

nt
en

t i
ns

ep
ar

ab
le

 f
ro

m
pr

oc
es

s.

T
he

 N
at

ur
e 

of
 I

nq
ui

ry
 a

nd
 it

s 
R

el
at

io
n 

to
 th

e 
O

rg
an

iz
at

io
n 

an
d 

U
se

of
 th

is
 D

oc
um

en
t

In
qu

ir
y,

 a
s 

de
fi

ne
d 

in
 th

is
 d

oc
um

en
t, 

is
 a

 s
et

 o
f 

ac
tiv

iti
es

 d
ir

ec
te

d 
to

w
ar

ds
so

lv
in

g 
an

 o
pe

n 
nu

m
be

r 
of

 r
el

at
ed

 p
ro

bl
em

s 
in

 w
hi

ch

th
e 

st
ud

en
t h

as
 a

s 
hi

s 
pr

in
ci

pa
l f

oc
us

 a
 p

ro
du

ct
iv

e 
en

te
rp

ri
se

 le
ad

in
g 

to
in

cr
ea

se
d 

un
de

rs
ta

nd
in

g 
an

d 
ap

pl
ic

at
io

n.

Su
cc

es
s 

in
 a

ny
 p

ar
tic

ul
ar

 in
qu

ir
y 

in
vo

lv
es

 s
om

e,
 b

ut
 p

ro
ba

bl
y 

no
t a

ll,
 p

os
si

bl
e

in
qu

ir
y 

be
ha

vi
or

s 
an

d 
sk

il
..

T
he

re
 is

 n
o 

at
te

m
pt

 in

th
is

 r
ep

or
t t

o 
pr

es
cr

ib
e 

a 
de

fi
ni

te
 o

rd
er

 o
f 

in
qu

ir
y 

sk
ill

s 
an

d 
be

ha
vi

or
s 

fo
r 

an
y

in
qu

ir
y 

ac
tiv

ity
 o

r 
fo

r 
an

y 
tim

e 
du

ri
ng

 a
 b

io
lo

gy
 c

ou
rs

e.
T

he
 b

io
lo

gi
st

 in
 c

on
du

ct
in

g 
bi

ol
og

ic
al

 r
es

ea
rc

h,
 o

r 
th

e 
st

ud
en

t i
n 

ca
rr

yi
ng

 o
ut

in
qu

ir
y 

pr
oc

es
se

s 
in

 th
e 

cl
as

sr
oo

m
, m

ay
 n

ot
 e

xh
ib

it
be

ha
vi

or
s 

in
 th

e 
or

de
r 

lis
te

d.
 I

t i
s 

al
so

 u
nd

er
st

oo
d 

th
at

 a
t t

he
 b

eg
in

ni
ng

 o
f 

a 
co

ur
se

th
e 

st
ud

en
t w

ill
 p

os
se

ss
 c

er
ta

in
 in

fo
rm

at
io

n,
 c

og
-

ni
tiv

e 
sk

ill
s,

 a
nd

 a
tti

tu
de

s 
th

at
 a

re
. n

ec
es

sa
ry

 in
 in

qu
ir

y 
ac

tiv
iti

es
. T

he
se

 w
ill

be
 a

pp
lie

d 
an

d 
bu

ilt
 u

po
n 

th
ro

ug
ho

ut
 th

e 
in

qu
ir

y 
ac

tiv
iti

es
.

T
he

 n
at

ur
e 

of
 in

qu
ir

y 
is

 c
om

pl
ex

; i
nq

ui
ry

 e
ng

ag
es

 th
e 

sk
ill

s,
 in

te
re

st
s,

 a
nd

at
tit

ud
es

 o
f 

th
e 

pe
rs

on
 in

 a
n 

in
te

ra
ct

io
n 

w
ith

 th
e 

su
b-

st
an

tiv
e 

an
d 

co
gn

iti
ve

 d
em

an
ds

 o
f 

a 
pr

ob
le

m
 a

s 
he

 m
ak

es
 e

ff
or

ts
 to

ra
tio

na
lly

 c
op

e 
w

ith
 it

. I
nq

ui
ry

 a
ct

iv
iti

es
 m

ay
 v

ar
y 

in
 f

or
m

 a
nd

se
qu

en
ce

 f
ro

m
 o

ne
 p

ro
bl

em
 to

an
ot

he
r 

an
d 

fr
om

 o
ne

 p
er

so
n 

to
 a

no
th

er
 p

er
so

n.
 S

uc
ce

ss
fu

l i
nq

ui
ry

 n
ee

d 
no

t n
ec

es
sa

ri
ly

be
 te

rm
in

at
ed

w
ith

 th
e 

at
ta

in
m

en
t o

f 
a 

so
lu

tio
n 

to
 a

 p
ro

bl
em

, n
or

 is
 th

e 
so

lu
tio

n 
ne

ce
ss

ar
ily

 e
ss

en
tia

l
fo

r 
in

qu
ir

y 
to

 b
e 

de
em

ed
 s

uc
ce

ss
fu

l.

It
 is

 d
if

fi
cu

lt 
to

 in
te

rp
re

t a
 c

on
ce

pt
 o

f 
in

qu
ir

y 
so

 b
ro

ad
ly

 c
on

ce
iv

ed
. T

he
re

fo
re

,t
he

 C
om

m
itt

ee
 id

en
tif

ie
d 

fi
ve

 "
pe

rs
pe

ct
iv

es
" 

of
in

qu
ir

y 
fo

r 
an

al
ys

is
. E

ac
h 

pe
rs

pe
ct

iv
e 

is
 th

e 
re

su
lt 

of
 e

ff
or

ts
 to

 v
ie

w
 in

qu
ri

y 
w

ith
 a

pa
rt

ic
ul

ar
 e

m
ph

as
is

. T
he

 f
iv

e 
pe

rs
pe

ct
iv

es
 a

re
:

1.
G

ui
di

ng
 p

ri
nc

ip
le

s.
 T

he
se

 r
ep

re
se

nt
 a

 r
an

ge
 o

f 
po

in
ts

 o
f 

vi
ew

 o
r 

pe
rc

ep
tio

ns
 b

y
w

hi
ch

 a
 b

io
lo

gi
st

 o
r 

st
ud

en
t m

ig
ht

 v
ie

w
 a

gi
ve

n 
ph

en
om

en
on

. A
s 

an
 e

xa
m

pl
e:

 A
 s

ci
en

tis
t u

si
ng

 th
e 

an
te

ce
de

nt
-c

on
se

qu
en

t
pr

in
ci

pl
e 

w
ou

ld
 s

ee
k 

a 
ca

us
e 

an
d 

an
 e

ff
ec

t

to
 a

n 
ob

se
rv

ed
 p

he
no

m
en

on
.

2.
In

qu
ir

y 
fa

ct
or

s.
 T

he
se

 c
an

 b
e 

co
ns

id
er

ed
 a

s 
co

m
po

ne
nt

s 
re

su
lti

ng
 f

ro
m

 a
 lo

gi
ca

l
an

al
ys

is
 o

f 
in

qu
ir

y 
as

 a
 p

ro
bl

em
-s

ol
vi

ng
ac

tiv
ity

. E
xa

m
pl

es
 a

re
: "

D
es

ig
ni

ng
 a

 S
tu

dy
" 

an
d 

"F
or

m
ul

at
in

g 
H

yp
ot

he
se

s.
"



3.
B

eh
av

io
ra

l o
bj

ec
tiv

es
. T

he
se

 a
re

 s
pe

ci
fi

c 
in

qu
ir

y 
ob

je
ct

iv
es

 th
at

 in
cl

ud
e

st
at

em
en

ts
 o

f 
be

ha
vi

or
s 

to
 b

e 
de

m
on

st
ra

te
d 

un
de

r
sp

ec
if

ie
d 

co
nd

iti
on

s 
at

 a
cc

ep
ta

bl
e 

le
ve

ls
 o

f 
cr

ite
ri

on
 p

er
fo

rm
an

ce
.

4.
A

ff
ec

tiv
e 

or
 a

tti
tu

di
na

l q
ua

lit
ie

s.
 T

he
se

ar
c 

ex
pr

es
si

on
s 

of
 a

tti
tu

de
s 

th
at

 a
rc

 in
fe

rr
ed

 f
ro

m
 o

bs
er

va
bl

e 
be

ha
vi

or
s 

th
at

 p
er

va
de

,
ac

co
m

pa
ny

, a
nd

 s
ha

pe
 in

qu
ir

y 
be

ha
vi

or
s.

5.
In

qu
ir

y 
in

to
 in

qu
ir

y.
 T

hi
s 

re
pr

es
en

ts
 a

 c
ri

tiq
ue

 o
f 

sc
ie

nt
if

ic
 r

es
ea

rc
h 

to
 d

is
co

ve
r 

th
e 

va
ri

et
y 

of
 lo

gi
ca

l p
at

te
rn

s 
an

d 
to

 g
ai

n
in

si
gh

t i
nt

o 
th

e 
na

tu
re

 o
f 

sc
ie

nt
if

ic
 in

qu
ir

y.

T
he

 r
el

at
io

n 
of

 th
es

e 
pr

in
ci

pl
es

 to
 th

e 
ov

er
al

l n
at

ur
e 

of
 in

qu
ir

y 
is

 s
ho

w
n 

in
 th

e 
fi

gu
re

 b
el

ow
:

FI
V

E
 P

E
R

SP
E

C
T

IV
E

S 
FO

R
 V

IE
W

IN
G

 I
N

Q
U

IR
Y



It
 is

 e
qu

al
ly

 im
po

rt
an

t t
o

se
e 

ho
w

 th
e 

pe
rs

pe
ct

iv
es

 f
it 

in
to

 a
n 

ov
er

al
l i

ns
tr

uc
tio

na
l s

ys
te

m
 w

ith
 it

s 
fo

cu
s 

on
 th

e 
st

ud
en

t. 
T

he
 c

om
-

po
ne

nt
s 

of
 th

is
 m

od
el

 a
nd

 th
ei

r 
in

te
rr

el
at

io
ns

hi
ps

 a
re

 s
ho

w
n 

be
lo

w
.

C
O

M
PO

N
E

N
T

S 
O

F 
IN

Q
U

IR
Y

 I
N

 A
N

 I
N

ST
R

U
C

T
IO

N
A

L
.

SY
ST

E
M

St
ud

en
t

4
T

ea
ch

in
g

St
ra

te
gi

es

Y

E
va

lu
at

io
n

B
eh

av
io

ra
l

O
bj

ec
tiv

es
fo

r 
In

st
ru

ct
io

n

B
io

lo
gi

ca
l

In
qu

ir
y

In
te

rd
ep

en
de

nt

Fa
ct

or
s

G
ui

di
ng

in
Pr

in
ci

pl
es

In
qu

ir
y

B
eh

av
io

ra
ll

O
bj

ec
tiv

es

In
qu

ir
y

in
to

In
qu

ir
y 3

B
io

lo
gi

ca
l2

C
on

te
nt

-.
.-

,..
...

./.

A
ff

ec
tiv

e
Q

ua
lit

ie
s

I.
B

eh
av

io
ra

l o
bj

ec
tiv

es
 a

re
 s

ho
w

n
as

 b
ot

h 
pr

ov
id

in
g 

a 
pe

rs
pe

ct
iv

e
on

 in
qu

iry
 a

nd
 a

s 
a 

m
ea

ns
 o

f
tr

an
sl

at
in

g 
an

 u
nd

er
st

an
di

ng
 o

f
in

qu
iry

 in
to

 in
st

ru
ct

io
na

l s
tr

at
e-

gi
es

.

B
io

lo
gy

 c
on

te
nt

 is
 o

f c
ou

rs
e 

an
es

se
nt

ia
l
pa

rt
 o

f l
ite

 in
st

ru
ct

io
na

l
sy

st
em

 e
ve

n 
th

ou
gh

 it
 h

as
 n

ot
be

en
 e

m
ph

as
iz

ed
 in

 th
e

ch
ap

te
rs

to
 fo

llo
w

.



T
he

 in
te

ra
ct

in
g 

co
m

po
ne

nt
s 

in
 th

e 
tw

o 
fo

re
go

in
g 

fi
gu

re
s 

ar
e,

 f
or

 th
e 

m
os

t p
ar

t, 
tr

ea
te

d 
in

 s
ep

ar
at

e,
 c

ha
pt

er
s 

in
 th

is
 r

ep
or

t. 
T

he
gu

id
in

g 
pr

in
ci

pl
es

 p
re

se
nt

ed
 in

 C
ha

pt
er

 T
w

o 
re

pr
es

en
t t

he
 f

iv
e 

pr
in

ci
pl

es
 p

re
se

nt
ly

 k
no

w
n 

in
 b

io
lo

gi
ca

l i
nq

ui
ry

 (
Sc

hw
ab

, 1
37

).
 E

ac
h

pr
in

ci
pl

e 
pr

ov
id

es
 a

 f
ra

m
ew

or
k 

w
ith

in
 w

hi
ch

 th
e 

sc
ie

nt
is

t o
r 

st
ud

en
t f

or
m

ul
at

es
 p

ro
bl

em
s 

an
d 

ca
rr

ie
s 

ou
t s

ix
 o

th
er

 in
qu

ir
y 

fa
ct

or
s

pr
es

en
te

d 
in

 C
ha

pt
er

 T
hr

ee
. I

n 
C

ha
pt

er
 F

ou
r 

sa
m

pl
e 

cl
as

se
s 

of
 b

eh
av

io
rs

 f
ro

m
 e

ac
h 

of
 th

e 
in

qu
ir

y 
fa

ct
or

s 
an

d 
gu

id
in

g 
pr

in
ci

pl
es

 a
re

pr
es

en
te

d 
as

 th
ey

 m
ig

ht
 a

pp
ea

r 
if

 u
se

d 
to

 p
ro

vi
de

 th
e 

fr
am

ew
or

k 
fo

r 
se

tti
ng

 c
ri

te
ri

on
 p

er
fo

rm
an

ce
s 

in
 p

re
-s

er
vi

ce
 a

nd
 in

-s
er

vi
ce

bi
ol

og
y 

co
ur

se
s 

fo
r 

te
ac

he
rs

 a
nd

 th
ei

r 
st

ud
en

ts
. F

ol
lo

w
in

g 
th

es
e 

be
ha

vi
or

s 
ar

c 
te

ac
hi

ng
 s

tr
at

eg
ie

s 
as

 th
ey

 m
ig

ht
 b

e 
w

ri
tte

n 
to

 d
es

cr
ib

e
si

tu
at

io
ns

 in
 w

hi
ch

 s
tu

de
nt

s 
m

ig
ht

 a
ch

ie
ve

 a
 g

iv
en

 c
ri

te
ri

on
 p

er
fo

rm
an

ce
. C

ha
pt

er
 F

iv
e 

in
cl

ud
es

 a
ff

ec
tiv

e 
an

d 
at

tit
ud

in
al

 q
ua

lii
ie

s 
th

at
pe

rv
ad

e 
th

e 
ot

he
r 

in
qu

ir
y 

co
m

po
ne

nt
s 

pr
es

en
te

d 
pr

io
r 

to
 a

nd
 f

ol
lo

w
in

g 
th

is
 c

ha
pt

er
.

In
 C

ha
pt

er
s 

T
W

O
 th

ro
ug

h 
Fi

ve
 e

m
ph

as
is

 is
 la

rg
el

y 
pl

ac
ed

 o
n 

th
e 

st
ud

en
t's

 u
se

 o
f 

th
e 

gu
id

in
g 

pr
in

ci
pl

es
 a

nd
 in

qu
ir

y 
fa

ct
or

s 
as

 h
e

ac
tiv

el
y 

in
ve

st
ig

at
es

 b
io

lo
gi

ca
l p

ro
bl

em
s.

 I
n 

C
ha

pt
er

 S
ix

 e
m

ph
as

is
 is

 p
la

ce
d 

on
 th

e 
st

ud
en

t's
 a

bi
lit

v 
to

 c
ri

tiq
ue

 th
e 

sc
ie

nt
if

ic
, w

or
k 

of
ot

he
rs

 (
sc

ie
nt

if
ic

 p
ap

er
s,

 e
tc

.)
. E

xa
m

pl
es

 o
f 

cl
as

sr
oo

m
 d

is
cu

ss
io

ns
 w

hi
ch

 il
lu

st
ra

te
 s

om
e 

de
si

re
d 

be
ha

vi
or

s 
of

 s
tu

de
nt

s
ar

e 
in

cl
ud

ed
 in

C
ha

pt
er

 S
ev

en
.

T
he

 te
xt

 o
f 

th
e 

do
cu

m
en

t i
s 

fo
llo

w
ed

 b
y 

tw
o 

ap
pe

nd
ic

es
. A

pp
en

di
x 

A
 c

on
ta

in
s 

re
pr

od
uc

ed
 te

xt
ua

l m
at

er
ia

ls
 r

ef
er

re
d 

to
or

 u
se

d
in

 d
ev

el
op

in
g 

va
ri

ou
s 

se
ct

io
ns

. A
pp

en
di

x 
B

 c
on

si
st

s 
of

 a
 r

ep
ro

du
ce

d 
po

rt
io

n 
of

 a
 s

ci
en

tif
ic

 p
ap

er
 u

se
d 

fo
r 

th
e.

 d
is

cu
ss

io
ns

 in
 C

ha
pt

er
Se

ve
n. Fi

na
lly

, t
he

 d
oc

um
en

t i
nc

lu
de

s 
a 

bi
bl

io
gr

ap
hy

 o
f 

so
ur

ce
s 

w
hi

ch
 c

an
 b

e 
us

ed
 to

 d
ev

el
op

 a
nd

 e
va

lu
at

e 
pr

og
ra

m
; d

es
ig

ne
d 

to
 a

tta
in

th
e 

ob
je

ct
iv

es
.

It
 is

 th
e 

in
te

nt
 o

f 
th

e 
C

om
m

itt
ee

 th
at

 th
e 

do
cu

m
en

t t
ha

t f
ol

lo
w

s 
ai

d 
th

e 
re

ad
er

 to
 v

ie
w

 in
qu

ir
y 

fr
om

 e
ac

h 
pe

rs
pe

ct
iv

e 
w

ith
ou

t
lo

si
ng

 th
e 

ov
er

al
l t

ot
al

ity
 o

f 
th

e 
in

qu
ir

in
g 

en
te

rp
ri

se
.



C
H

A
PT

E
R

 T
W

O

G
U

ID
IN

G
 P

R
IN

C
IP

L
E

S 
O

F 
IN

Q
U

IR
Y

R
ec

og
ni

tio
n 

an
d 

D
if

fe
re

nt
ia

tio
n

A
lth

ou
gh

 n
ew

 p
ri

nc
ip

le
s 

m
ay

 e
m

er
ge

 in
 th

e 
fu

tu
re

, f
iv

e 
pr

in
ci

pl
es

 o
f 

in
qu

ir
y 

ha
ve

 b
ee

n 
id

en
tif

ie
d

(S
ch

w
ab

, 1
37

) 
re

pr
es

en
tin

g 
a

ra
ng

e 
of

 v
ie

w
po

in
ts

 f
ro

m
 w

hi
ch

 a
 b

io
lo

gi
st

 o
r 

st
ud

en
t m

ig
ht

 v
ie

w
 a

 g
iv

en
 p

he
no

m
en

on
 (

se
e 

A
pp

en
di

x 
A

).
1 

T
he

 s
tu

de
nt

 s
ho

ul
d 

be
 a

bl
e

to
 r

ec
og

ni
ze

 a
nd

 d
if

fe
re

nt
ia

te
 a

m
on

g 
th

es
e 

va
ri

ou
s 

pr
in

ci
pl

es
 th

at
 g

ui
de

 s
ci

en
tif

ic
 s

tu
di

es
, i

nc
lu

di
ng

 h
is

ow
n.

 H
e 

sh
ou

ld
 b

e 
ab

le
 to

de
te

rm
in

e 
w

hi
ch

 p
ri

nc
ip

le
 is

 a
pp

ro
pr

ia
te

 f
or

a 
st

ud
y.

 T
he

 s
tu

de
nt

 s
ho

ul
d 

al
so

 b
e 

ab
le

 to
 d

es
cr

ib
e 

ho
w

 th
e 

st
ud

y 
w

ou
ld

 d
if

fe
r 

if
 a

 'd
if

-
fe

re
nt

 p
ri

nc
ip

le
 o

f 
in

qu
ir

y 
w

er
e 

us
ed

.

Pr
in

ci
pl

es
1.

T
he

 ta
xo

no
m

ic
 p

ri
nc

ip
le

. T
hi

s 
pr

in
ci

pl
e 

is
 b

as
ed

on
co

lle
ct

in
g,

 o
rg

an
iz

in
g,

 a
nd

 c
la

ss
if

yi
ng

 d
at

a 
to

 d
ev

el
op

a 
ba

si
s 

fo
r 

fo
rm

ul
at

in
g 

an
d 

an
sw

er
in

g 
re

se
ar

ch
ab

le
qu

es
tio

ns
. T

he
 ty

pi
ca

l m
od

e 
of

 in
qu

ir
y 

is
 th

e 
sc

he
m

e
fo

r 
cl

as
si

fi
ca

tio
n 

im
pl

ic
it 

in
 th

e 
fo

llo
w

in
g 

as
su

m
pt

io
ns

ab
ou

t t
he

 n
at

ur
e 

of
 b

io
lo

gi
ca

l p
he

no
m

en
a:

A
.

B
.

T
he

re
 a

re
 d

if
fe

re
nt

 k
in

ds
 o

f 
"t

hi
ng

s.
"

"T
hi

ng
s"

 c
an

 b
e 

di
ff

er
en

tia
te

d 
in

 te
rm

s 
of

 o
b-

se
rv

ab
le

 c
ha

ra
ct

er
is

tic
s.

E
xa

m
pl

es

T
he

 s
tu

de
nt

 m
ea

su
re

s 
an

d 
co

m
pa

re
s 

th
e 

le
ng

th
 o

f 
lim

a
be

an
 s

ee
ds

 a
nd

 la
te

r 
de

ve
lo

ps
a 

pr
ob

le
m

 r
eg

ar
di

ng
 th

e
le

ng
th

 o
f 

se
co

nd
 g

en
er

at
io

n 
se

ed
.

T
he

 s
tu

de
nt

, b
y 

co
lle

ct
in

g 
an

d 
cl

as
si

fy
in

g 
bi

rd
 c

al
ls

, f
in

ds
so

m
e 

th
at

 d
o 

no
t f

it 
pa

tte
rn

s.
 F

ro
m

 th
is

 d
is

cr
ep

an
t e

ve
nt

th
e 

st
ud

en
t f

or
m

ul
at

es
 a

 p
ro

bl
em

.

1T
he

 p
ri

nc
ip

le
s 

in
 th

is
 c

ha
pt

er
ar

c 
ex

em
pl

if
ie

d 
in

 th
e 

In
vi

ta
tio

ns
 to

 E
nq

ui
ry

 a
nd

 th
e 

In
te

ri
m

 S
um

m
ar

ie
s 

pr
es

en
te

d 
in

 th
e 

B
SC

S 
B

io
lo

gy
 T

ea
ch

er
s'

 H
an

db
oo

k,
C

ha
pt

er
 4

, a
s 

fo
llo

w
s:

A
nt

ec
ed

en
t-

co
ns

eq
ue

nt
 p

ri
nc

ip
le

:
In

vi
ta

tio
ns

, G
ro

up
 1

, N
um

be
rs

 1
-1

6A
 (

in
cl

ud
es

 I
nt

er
im

 S
um

m
ar

ie
s 

1 
an

d 
2)

In
vi

ta
tio

ns
, G

ro
up

 I
I,

 N
um

be
rs

 1
7-

25
In

vi
ta

tio
ns

, G
ro

up
 I

II
, N

um
be

rs
 2

6-
31

In
te

ri
m

 S
um

m
ar

y 
3

St
ru

ct
ur

e-
fu

nc
tio

n 
pr

in
ci

pl
e:

In
vi

ta
tio

ns
, G

ro
up

 I
V

, N
um

be
rs

 3
2-

37
In

te
ri

m
 S

um
m

ar
y 

4
R

eg
ul

at
io

n 
an

d 
ho

m
eo

st
as

is
 p

ri
nc

ip
le

:
In

vi
ta

tio
ns

, G
ro

up
 V

, N
um

be
rs

 3
8-

44
In

te
ri

m
 S

um
m

ar
y 

5
Se

lf
-r

eg
ul

at
or

y 
sy

st
em

 p
ri

nc
ip

le
:

In
te

ri
m

 S
um

m
ar

y 
5

T
he

 T
ax

on
om

ic
 p

ri
nc

ip
le

 is
 n

ot
 e

xp
lic

itl
y 

ex
em

pl
if

ie
d 

in
 e

ith
er

 th
e 

In
vi

ta
tio

ns
or

 I
nt

er
im

 S
um

m
ar

ie
s.

- 
5 

-



Pr
in

ci
pl

es

II
.

T
he

 a
nt

ec
ed

en
t-

co
ns

eq
ue

nt
 p

ri
nc

ip
le

. T
hi

s 
pr

in
ci

pl
e 

is
 b

as
ed

on
 in

de
pe

nd
en

t c
ha

in
s 

of
 c

au
se

 a
nd

 e
ff

ec
t r

el
at

io
ns

hi
ps

. T
he

ty
pi

ca
l m

od
e 

of
 in

qu
ir

y 
is

 th
e 

co
nt

ro
lle

d 
ex

pe
ri

m
en

t i
m

pl
ic

it
in

 th
e 

fo
llo

w
in

g 
as

su
m

pt
io

ns
 a

bo
ut

 th
e 

na
tu

re
 o

f 
bi

ol
og

ic
al

ph
en

om
en

a:

A
.

T
he

 w
ho

le
 o

rg
an

is
m

 c
on

si
st

s 
of

 m
an

y 
pa

rt
s.

B
.

E
ac

h 
pa

rt
 o

f 
an

 o
rg

an
is

m
 o

pe
ra

te
s 

as
 a

n 
in

de
pe

nd
en

t
en

tit
y.

II
I.

T
he

 s
tr

uc
tu

re
; f

un
ct

io
n 

pr
in

ci
pl

e.
 T

hi
s 

pr
in

ci
pl

e 
is

 b
as

ed
on

in
te

rr
el

at
io

ns
hi

ps
 o

f 
ca

us
e 

an
d 

ef
fe

ct
 c

ha
in

s 
th

at
 c

on
tr

ib
ut

e 
to

th
e 

or
ga

ni
sm

's
 h

av
in

g 
a 

ce
rt

ai
n 

st
ab

le
 c

ha
ra

ct
cr

 o
r 

na
tu

re
.

(H
ar

ve
y'

s 
st

ud
y 

of
 b

lo
od

 c
ir

cu
la

tio
n 

ill
us

tr
at

es
 th

e 
m

od
e 

of
in

qu
ir

y 
re

la
te

d 
to

 th
is

 p
ri

nc
ip

le
.)

A
.

T
he

re
 a

re
 in

te
rr

el
at

io
ns

hi
ps

 o
f 

ch
ai

ns
 o

f 
ca

us
es

 a
nd

ef
fe

ct
s 

th
at

 c
on

tr
ib

ut
e 

to
 w

ho
le

ne
ss

.
13

.
T

he
 "

w
ho

le
ne

ss
" 

of
 a

n 
or

ga
ni

sm
 h

as
 a

 c
er

ta
in

 s
ta

bl
e

ch
ar

ac
te

r 
or

 n
at

ur
e.

IV
.

T
he

 r
eg

ul
at

io
n 

an
d 

ho
m

eo
st

as
is

 p
ri

nc
ip

le
. T

hi
s 

pr
in

ci
pl

e 
is

ba
se

d 
on

 th
e 

fl
ex

ib
ili

ty
 o

f 
or

ga
ns

 to
 m

ai
nt

ai
n

an
 e

qu
ili

br
iu

m
am

on
g 

ch
an

ge
s 

of
 p

ar
ts

 (
or

ga
ns

, t
is

su
es

, e
tc

.)
 in

 r
es

po
ns

e 
to

ch
an

ge
s 

in
 e

xt
er

na
l c

on
di

tio
ns

. D
yn

am
ic

 e
qu

ili
br

iu
m

 is
 m

ai
n-

W
in

ed
 b

y 
st

ru
ct

ur
al

 a
nd

/o
r 

fu
nc

tio
na

l c
ha

ng
es

 in
 d

eg
re

e 
ra

th
er

th
an

 k
in

d.
 (

T
he

 th
er

m
os

ta
t m

od
el

 f
its

 th
is

 g
ui

di
ng

 p
ri

nc
ip

le
.)

A
.

O
rg

an
s 

ar
e 

fl
ex

ib
le

 a
nd

 c
an

 c
ha

ng
e 

in
 r

es
po

ns
e 

to
ex

-
te

rn
al

 c
ha

ng
es

.

B
.

A
 d

yn
am

ic
 e

qu
ili

br
iu

m
 a

m
on

g 
ch

an
ge

s 
of

or
ga

ns
 c

an
 b

e
m

ai
nt

ai
ne

d.

E
xa

m
pl

es

In
 a

 s
er

ie
s 

of
 e

xp
er

im
en

ts
 w

ith
 p

ro
pe

r 
co

nt
ro

ls
, t

he
th

yr
oi

d 
gl

an
d 

is
 r

em
ov

ed
 a

nd
 th

e 
fo

llo
w

in
g 

ch
ar

ac
-

te
ri

st
ic

s 
ar

e 
no

te
d:

 lo
w

er
 te

m
pe

ra
tu

re
, l

ow
er

 r
es

pi
-

ra
to

ry
 r

at
e,

 p
la

ci
di

ty
, a

nd
 o

be
si

ty
. T

he
 s

tu
de

nt
sh

ou
ld

 in
te

rp
re

t t
ha

t t
he

se
 c

ha
ra

ct
er

is
tic

s 
ar

e 
du

e
to

 th
e 

re
m

ov
al

 o
f 

th
e 

gl
an

d.

G
en

e 
/1

de
te

rm
in

es
 ta

lln
es

s;
 g

en
e 

a 
de

te
rm

in
es

sh
or

tn
es

s.
 G

ar
de

n 
pe

as
 h

av
in

g 
.1

.1
 o

r
ge

ne
s 

w
ill

be
 ta

ll,
 a

s 
th

er
e 

is
 n

o 
in

te
ra

ct
io

n 
be

tw
ee

n 
ge

ne
an

d 
ge

ne
 a

.

T
he

 r
eg

ul
at

or
y 

pr
oc

es
s 

is
 e

ss
en

tia
l t

o 
lif

e.
 T

he
 s

tu
-

de
nt

 m
ig

ht
 d

et
er

m
in

e 
th

e 
ro

le
 o

f 
th

e 
th

yr
oi

d 
gl

an
d.

B
lo

od
 c

ir
cu

la
tio

n 
is

 v
ita

l t
o 

bo
dy

 a
ct

iv
iti

es
. T

he
st

ud
en

t d
et

er
m

in
es

 h
ow

 th
e 

he
ar

t a
nd

 b
lo

od
 v

es
se

ls
ar

e 
or

ga
ni

ze
d 

to
 a

cc
om

pl
is

h 
bo

dy
 a

ct
iv

iti
es

.

T
he

 s
ug

ar
 le

ve
l i

n 
bl

oo
d 

re
m

ai
ns

 in
 e

qu
ili

br
iu

m
de

sp
ite

 th
e 

fa
ct

 th
at

 n
o 

su
ga

rs
 a

re
 d

ig
es

te
d.

 T
he

su
ga

r 
co

nt
en

t i
n 

bl
oo

d 
re

m
ai

ns
 in

 e
qu

ili
br

iu
m

 o
r

ba
la

nc
e 

ev
en

 w
he

n 
ex

ce
ss

iv
e

su
ga

r 
is

 d
ig

es
te

d.

T
he

 s
tu

de
nt

 s
ho

ul
d 

be
 a

w
ar

e 
th

at
 th

er
e

ar
e 

se
ve

ra
l

co
nc

en
tr

at
io

ns
 w

hi
ch

 a
re

 r
ig

ht
 f

or
 th

e 
bo

dy
 (

de
-

pe
nd

in
g 

on
 th

e 
co

nd
iti

on
 a

nd
 a

ct
iv

ity
 o

f
m

an
y 

or
al

l o
th

er
 c

he
m

ic
al

s,
 p

hy
si

ca
l f

ac
to

rs
, a

nd
 s

tr
uc

tu
re

s)
.



Pr
in

ci
pl

es

C
.

A
 d

yn
am

ic
 e

qu
ili

br
iu

m
 a

m
on

g 
ch

an
ge

s 
w

ill
 n

ot
 r

es
ul

t i
n

st
ru

ct
ur

al
 c

ha
ng

es
 o

r 
m

aj
or

 f
un

ct
io

na
l c

ha
ng

es
, e

.g
., 

a
tr

an
sm

itt
in

g 
m

em
br

an
e 

be
co

m
in

g 
se

cr
et

or
y.

V
.

T
he

 s
el

f-
re

gu
la

to
ry

 s
ys

te
m

 p
ri

nc
ip

le
. T

hi
s 

pr
in

ci
pl

e 
is

 b
as

ed
on

 th
e 

fl
ex

ib
ili

ty
 o

f 
th

e 
or

ga
ni

sm
 a

s 
a 

w
ho

le
, a

s 
w

el
l a

s 
th

e
fl

ex
ib

ili
ty

 o
f 

th
e 

pa
rt

s,
 to

 m
ai

nt
ai

n 
eq

ui
lib

ri
um

 o
f 

ch
an

ge
s 

to
ex

te
rn

al
 o

r 
en

vi
ro

nm
en

ta
l c

ha
ng

es
. H

ow
ev

er
, t

hi
s 

pr
in

ci
pl

e
em

ph
as

iz
es

 f
un

ct
io

na
l o

r 
st

ru
ct

ur
al

 c
ha

ng
es

 in
 k

in
d 

in
 th

e
pa

rt
s 

to
 m

ak
e 

a 
ne

w
 in

te
gr

at
ed

 w
ho

le
.

A
.

T
he

 o
rg

an
is

m
, a

s 
w

el
l a

s 
its

 p
ar

ts
, i

s 
fl

ex
ib

le
 a

nd
 w

ill
ch

an
ge

 in
 r

es
po

ns
e 

to
 e

xt
er

na
l c

ha
ng

es
.

B
.

A
 d

yn
am

ic
 e

qu
ili

br
iu

m
 a

m
on

g 
ch

an
ge

s
ca

n 
be

 m
ai

nt
ai

ne
d.

C
.

A
 d

yn
am

ic
 e

qu
ili

br
iu

m
 a

m
on

g 
ch

an
ge

s
m

ay
 r

es
ul

t i
n

st
ru

ct
ur

al
 c

ha
ng

es
 o

r 
m

aj
or

 f
un

ct
io

na
l c

ha
ng

es
.

E
xa

m
pl

es

W
he

n 
pa

rt
 o

f 
th

e 
br

ai
n 

is
 d

es
tr

oy
ed

, a
dj

ac
en

t p
ar

ts
m

ay
 in

co
rp

or
at

e 
so

m
e 

or
 a

ll 
fu

nc
tio

ns
 o

f 
th

e 
in

-
ca

pa
ci

ta
te

d 
pa

rt
.



Sk
ill

s 
in

 C
ar

ry
in

g 
O

ut
 P

ri
nc

ip
le

s 
of

 I
nq

ui
ry

D
ep

en
di

ng
 o

n 
w

hi
ch

 o
f 

th
e 

fi
ve

 p
ri

nc
ip

le
s 

of
 in

qu
ir

y 
th

e 
st

ud
en

t u
se

s,
 th

er
e 

w
ill

 b
e 

di
ff

er
en

ce
s 

in
 c

er
ta

in
 b

as
ic

 a
ct

iv
iti

es
 n

ec
es

-
sa

ry
 f

or
 h

im
 to

 c
ar

ry
 o

ut
 th

e 
in

qu
ir

y.
 T

he
se

 a
ct

iv
iti

es
 a

re
:

(a
)

A
sk

in
g 

in
iti

al
 q

ue
st

io
ns

 (
"W

ha
t d

o 
I 

w
an

t t
o 

fi
nd

 o
ut

 a
bo

ut
 th

e 
su

bj
ec

t o
r 

ph
en

om
en

a 
of

 in
te

re
st

?"
);

(b
)

M
ak

in
g 

ob
se

rv
at

io
ns

 (
"W

ha
t d

at
a 

sh
ou

ld
 I

 lo
ok

 f
or

 to
 h

el
p 

an
sw

er
 th

at
 q

ue
st

io
n?

")
;

(c
)

O
rg

an
iz

in
g 

ob
se

rv
at

io
ns

 (
"W

ha
t s

ho
ul

d 
I 

do
 w

ith
 th

e 
da

ta
 to

 g
et

 th
e 

cl
ea

re
st

 a
ns

w
er

 to
 m

y 
qu

es
tio

n?
")

.

T
he

 p
ri

nc
ip

le
s 

of
 in

qu
ir

y 
be

co
m

e 
m

od
es

 o
f 

in
qu

ir
y 

w
he

n 
us

ed
 a

s 
m

et
ho

ds
 in

 c
ar

ry
in

g 
ou

t i
nq

ui
ry

. I
t i

s 
de

si
ra

bl
e 

th
at

 b
io

lo
gy

st
ud

en
ts

 b
eg

in
 to

 g
ai

n 
so

m
e 

un
de

rs
ta

nd
in

g 
of

 th
es

e 
di

ff
er

en
t m

od
es

. T
he

 s
tu

de
nt

 s
ho

ul
d 

be
 a

bl
e 

to
 s

ta
te

 a
 b

io
lo

gi
ca

l p
ro

bl
em

 in
 te

rm
s

of
 e

ac
h 

pr
in

ci
pl

e 
of

 in
qu

ir
y 

an
d 

de
sc

ri
be

 th
e 

ap
pr

op
ri

at
e 

ex
pe

ri
m

en
ta

l d
es

ig
n 

fo
r 

ea
ch

 m
od

e 
of

 in
qu

ir
y.

I.
T

he
 ta

xo
no

m
ic

 m
od

e.
 T

he
 s

tu
de

nt
 w

ill
 c

ar
ry

 o
ut

 a
ct

iv
iti

es
 c

ha
ra

ct
er

is
tic

 o
f 

th
e 

ta
xo

no
m

ic
 m

od
e:

A
. H

e 
w

ill
 a

sk
 q

ue
st

io
ns

.
B

. H
e 

w
ill

 m
ak

e 
ob

se
rv

at
io

ns
 n

ec
-

es
sa

ry
 to

 a
ns

w
er

 q
ue

st
io

ns
.

C
. H

e 
w

ill
 h

an
dl

e 
da

ta
 in

 a
pp

ro
-

pr
ia

te
 w

ay
s.

E
xa

m
pl

es
:

E
xa

m
pl

es
:

E
xa

m
pl

es
:

W
ha

t a
rc

 th
e 

si
m

ila
ri

tie
s 

an
d

di
ff

er
en

ce
s 

am
on

g 
th

e 
or

ga
n-

is
m

s 
fo

un
d 

in
 th

is
 p

on
d 

w
at

er
?

W
ha

t a
re

 th
e 

ki
nd

s 
of

 p
la

nt
s

fo
un

d 
in

 P
ra

ir
ie

 S
ta

te
 P

ar
k?

Se
c 

ha
ir

-l
ik

e 
st

ru
ct

ur
es

 o
n 

th
e

or
ga

ni
sm

s 
fo

un
d 

in
 th

e 
po

nd
w

at
er

.

Se
e 

in
te

rn
al

 s
tr

uc
tu

re
s 

of
 th

e
or

ga
ni

sm
s.

Se
e 

di
ff

er
en

ce
s 

in
 le

af
 s

ha
pe

s.

Se
e 

di
ff

er
en

ce
s 

in
 s

tr
uc

tu
re

 o
f

fl
ow

er
 p

ar
ts

.

M
ak

e 
co

m
pa

ri
so

ns
 b

et
w

ee
n 

oh
-

se
rv

ed
 c

ha
ra

ct
er

is
tic

s.

G
ro

up
 d

at
a 

ac
co

rd
in

g 
to

 o
b-

se
rv

ed
 s

im
ila

ri
tie

s 
an

d 
di

ff
er

-
en

ce
s.

U
se

 e
xi

st
in

g 
cl

as
si

fi
ca

tio
n

sc
he

m
es

 f
or

 o
rg

an
is

m
s 

un
de

r
st

ud
y.

8



II
.

T
he

 a
nt

ec
ed

en
t-

co
ns

eq
ue

nt
 m

od
e.

 T
he

 s
tu

de
nt

 w
ill

ca
rr

y 
ou

t a
ct

iv
iti

es
 c

ha
ra

ct
er

is
tic

 o
f 

th
e 

an
te

ce
de

nt
-c

on
se

qu
en

t m
od

e:

A
. H

e 
w

ill
 a

sk
 q

ue
st

io
ns

.
B

. H
e 

w
ill

 m
ak

e 
ob

se
rv

at
io

ns
 n

ee
-

es
sa

ry
 to

 a
ns

w
er

 q
ue

st
io

ns
.

C
. H

e 
w

ill
 h

an
dl

e 
da

ta
 in

 a
pp

ro
.-

pr
ia

te
 w

ay
s.

E
xa

m
pl

es
:

E
xa

m
pl

es
:

E
xa

m
pl

es
:

If
th

e 
th

yr
oi

d 
gl

an
d 

is
re

-
m

ov
ed

 f
ro

m
 m

ic
e,

 w
ha

t h
ap

-
pe

ns
 to

 th
ei

r 
ph

ys
ic

al
 c

ha
ra

c-
te

ri
st

ic
s?

W
ha

t w
ill

 o
cc

ur
 if

 w
e 

re
m

ov
e

bo
th

 th
e 

is
le

t t
is

su
e 

of
 th

e 
pa

n-
cr

ea
s 

an
d 

th
e 

pi
tu

ita
ry

 g
la

nd
fr

om
 m

ic
e?

If
 I

 c
ro

ss
 f

ru
itf

lie
s 

w
ith

 k
no

w
n

ge
no

ty
pe

s 
fo

r 
ey

e-
co

lo
r,

 c
an

 I
ex

pe
ct

 r
es

ul
ts

 to
 s

ho
w

 a
 s

im
pl

e
do

m
in

an
t-

re
ce

ss
iv

e 
pa

tte
rn

?

M
ea

su
re

 te
m

pe
ra

tu
re

 o
f 

m
ic

e
be

fo
re

 a
nd

 a
ft

er
 tr

ea
tm

en
t.

M
ea

su
re

 r
es

pi
ra

to
ry

ra
te

 o
f

m
ic

e.

M
ea

su
re

 w
ei

gh
t o

f 
m

ic
e.

Pr
ov

id
e 

fo
r 

ap
pr

op
ri

at
e 

co
n-

tr
ol

s.

M
ak

e 
ob

se
rv

at
io

ns
 s

im
ila

r 
to

th
e 

fi
rs

t a
nd

 la
st

 e
xa

m
pl

e 
sh

ow
n

ab
ov

e.

D
is

tin
gu

is
h 

di
ff

er
en

ce
s 

in
 e

ye
-

co
lo

r 
in

 F
i a

nd
 F

2 
ge

ne
ra

tio
n.

O
rg

an
iz

e 
da

ta
 in

to
ta

bl
es

an
d/

or
 g

ra
ph

s 
w

hi
ch

 s
ho

w
di

ff
er

en
ce

s 
in

 p
hy

si
ca

l c
ha

r-
ac

te
ri

st
ic

s 
of

 th
e 

m
ic

e 
be

fo
re

an
d 

af
te

r 
re

m
ov

al
 o

f 
th

e
th

yr
oi

d.

O
rg

an
iz

e 
da

ta
 in

 w
ay

s 
si

m
i-

la
r 

to
 e

xa
m

pl
e 

sh
ow

n 
ab

ov
e.

O
rg

an
iz

e 
da

ta
 to

 s
ho

w
 p

ro
-

po
rt

io
n 

of
 e

ye
-c

ol
or

s 
in

 F
1

an
d 

F2
 g

en
er

at
io

ns
.



II
I.

T
he

 s
tr

uc
tu

re
-f

un
ct

io
n 

m
od

e.
 T

he
st

ud
en

t w
ill

 c
ar

ry
 o

ut
 a

ct
iv

iti
es

 c
ha

ra
ct

er
is

tic
of

 th
e 

st
ru

ct
ur

e-
fu

nc
tio

n 
m

od
e:

A
. H

e 
w

ill
 a

sk
 q

ue
st

io
ns

.
13

. H
e 

w
ill

 id
en

tif
y 

ob
se

rv
at

io
ns

to
 m

ak
e 

in
 o

rd
er

 to
 a

ns
w

er
qu

es
tio

ns
.

C
. H

e 
w

ill
 id

en
tif

y 
w

ay
s 

to
ha

nd
le

 d
at

a.

E
xa

m
pl

es
:

E
xa

m
pl

es
:

E
xa

m
pl

es
:

W
he

n 
ba

ct
er

ia
 in

va
de

 a
 lo

ca
l

Id
en

tif
y 

ob
se

rv
at

io
ns

 o
n 

ch
an

ge
s 

in
Fi

nd
 w

ay
s 

of
 s

ho
w

in
g 

re
-

ar
ea

, s
uc

h 
as

by
 a

 s
cr

at
ch

 o
r

pu
nc

tu
re

 w
ou

nd
, w

ha
t p

ro
-

sk
in

 c
el

ls
 n

ea
r 

w
ou

nd
.

Id
en

tif
y 

ob
se

rv
at

io
ns

 o
n 

ch
an

ge
s

in

la
tio

ns
hi

ps
, o

r 
la

ck
 o

f 
th

em
,

am
on

g 
ob

se
rv

at
io

ns
m

ad
e.

ce
ss

es
 a

rc
 s

et
 in

 m
ot

io
n

w
hi

ch
se

rv
e 

to
 p

ro
te

ct
th

e 
in

va
de

d
or

ga
ni

sm
?

bl
oo

d 
ve

ss
el

s 
ne

ar
 w

ou
nd

.
Id

en
tif

y 
ob

se
rv

at
io

ns
 o

n 
ch

an
ge

s 
in

bl
oo

d 
ce

lls
.

Is
 th

e 
m

ig
ra

tin
g 

be
ha

vi
or

 o
f 

x
Id

en
tif

y 
ob

se
rv

at
io

ns
 o

n 
ch

an
ge

s 
in

Fi
nd

 w
ay

s 
of

 s
ho

w
in

g 
re

la
-

sp
ec

ie
s 

of
 b

ir
d 

in
iti

at
ed

 b
y

ch
an

ge
s 

in
 v

ar
io

us
 o

rg
an

s?
 A

re
or

ga
ns

.
Id

en
tif

y 
ob

se
rv

at
io

ns
 o

n 
fa

ct
or

s 
in

tio
ns

hi
ps

, o
r 

la
ck

 o
f 

th
em

,
be

tw
ee

n 
ob

se
rv

at
io

ns
 m

ad
e.

th
es

e 
or

ga
n 

ch
an

ge
s 

tr
ig

ge
re

d
th

e 
en

vi
ro

nm
en

t, 
su

ch
 a

s 
da

y-
lig

ht
by

 c
ha

ng
es

 in
 e

nv
ir

on
m

en
t?

or
 te

m
pe

ra
tu

re
,

w
hi

ch
 m

ay
 a

ff
ec

t
th

os
e 

or
ga

ns
.

W
ha

t i
s 

th
e 

fu
nc

tio
n 

of
 th

e
Id

en
tif

y 
ob

se
rv

at
io

ns
 o

n 
ch

an
ge

s 
in

Fi
nd

 w
ay

s 
of

 s
ho

w
in

g 
re

-

m
am

m
al

's
 h

ea
rt

 in
 r

el
at

io
n 

to
th

e 
to

ta
l o

rg
an

is
m

?
th

e 
st

ru
ct

ur
e,

 lo
ca

tio
n,

 a
nd

 a
ct

io
n

on
 th

e 
va

ri
ou

s 
pa

rt
s

of
 th

e 
he

ar
t.

Id
en

tif
y 

ob
se

rv
at

io
ns

 o
f 

ch
an

ge
s 

in

la
tio

ns
hi

ps
, o

r 
la

ck
 o

f 
th

em
,

re
ga

rd
in

g 
st

ru
ct

ur
e,

 lo
ca

tio
n,

an
d 

ac
tio

n 
be

tw
ee

n 
ob

se
rv

a-

ne
ig

hb
or

in
g 

or
ga

ns
 f

ol
lo

w
in

g 
he

ar
t

ac
tio

n.

tio
ns

 m
ad

e.



IV
.

T
he
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ul
at

io
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m

eo
st
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 m
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e.
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he
 s
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de

nt
 w

ill
 r
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ni
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iv
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 c
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ct
er

is
tic

 o
f

th
e 
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gu

la
tio

n-
ho

m
eo

st
as
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 m

od
e:

A
. H
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w

ill
 r

ec
og

ni
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 q
ue

st
io

ns
.

B
. H

e 
w

ill
 r
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pe

s 
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 m
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t b

e 
m
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w
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st
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.

C
. H

e 
w

ill
 r
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og

ni
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ay
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ta
m
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t b

e 
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le
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to
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ns

w
er

qu
es

tio
ns

.

E
xa

m
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:

E
xa

m
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:

E
xa

m
pl

es
:

H
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 d
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s 
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 r
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 w
al

ki
ng

,
th

en
 r

un
ni

ng
, a

 m
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ul
t
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ve
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 le
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 f
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R
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tio
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 b
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g 
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d 
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R
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of

 r
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at
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in
 b
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m
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 b
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r 
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s 
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 m
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 r
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r 
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tiv
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.
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f 
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, b
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R
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bl
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ra
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 m
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m
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to
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ac
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ct
or
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w
n

ab
ov
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 d
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va
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 p
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 r
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 f
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 f
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 r
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l o
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.
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t f
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R
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er
va
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 c
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nd
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 p
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at
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m
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an

d
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 p
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 c
ha

ng
es

to
 th

e 
re

st
or

at
io

n 
of

 b
al

-
in

 e
nv

ir
on

m
en

ta
l c
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.
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 m
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 c
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 d
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 d
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 d
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 p
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 m
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 b
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 m
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 f
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 d
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 c
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 f
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 c
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 p
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 d

at
a 

on
 a

m
ou

nt
 a

nd
 r

e-
gi

on
s 

of
 u

nd
am

ag
ed

 b
ra

in
 n

ec
es

sa
ry

fo
r 

re
le

ar
ni

ng
.



V
I.
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at
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n 
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n
a 
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 w
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pr
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s 
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h 
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e
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pl
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ir
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D
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cr
ib

e 
th

e 
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ri

m
en
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l d
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n 
ap

pr
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ri
at

e
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 e
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f 
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.

E
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W
ha

t o
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op
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ar
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en
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W
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at
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Id
en
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y

th
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po
pu
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tio
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 p
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se

nt
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se
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m
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g 

te
ch

ni
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es
 to

 d
et
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m
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e 
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an
d 
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h 

po
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tio
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W

ha
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ff
ec

t d
oe
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 o

th
cr

 a
bi

ot
ic

fa
ct

or
s 

su
ch
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s 

02
,

he
at

, e
tc
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 h

av
e 

on
 th

e 
si

ze
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nd
(2
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M

ea
su

re
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gh
t i

nt
en

si
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th

er
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ot

ie
fa
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or
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 a

t v
ar
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 d
ep
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s 

an
d 

lo
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tio
ns

:
di

st
ri

bu
tio

n 
of
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 p

ar
tic
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 p
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io
n 
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?
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e 

fi
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e 
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d 
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-
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e 
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if
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tio
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W
ha

t a
re

 th
e 

ro
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s 
of

 th
e 

va
ri

ou
s 

po
pu

la
tio

ns
 in

 th
e

fo
od

 w
eb

 o
f 

th
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t c
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ng
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w
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d 
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 o
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ur
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er
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ak

e 
ob

se
rv

at
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ns
 to

 d
et
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m

in
e 
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od

 w
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.
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od

uc
e 

ad
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l m
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 o
f
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e-
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c 
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la
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 o
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r
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m
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r 

de
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se

, i
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th
e 
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s 

po
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 d
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m

in
e 
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ic

 f
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.
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W
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, w
ha

t
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 d
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 f
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e 

fo
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d?

(4
)

In
tr

od
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e 
m
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d 
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ou
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s 
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e 
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 f
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)
H

ow
 m
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h 

se
w
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e 
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ay

 b
e 

in
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od
uc

ed
 b

ef
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e 
th

er
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 c
ha
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in
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in
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 f
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d 

w
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nd
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ot
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(5
)

E
xt

ra
po

la
te

 f
ro

m
 r

es
ul

ts
 o

f 
in

ve
st

ig
at

io
n

(4
) 

to
 p

re
di

ct
 e

ha
ng

e(
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l f

oo
d

.
fa

ct
or

s,
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, b

ef
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e 
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 p
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d"
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w
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 a
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 f
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.
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t m
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 d
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t
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e 
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s 

fo
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Su
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 p
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ir
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 s

om
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e
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 d
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l p

ra
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re

la
te

d 
an

d 
m

ay
 o

cc
ur

 s
im

ul
ta

ne
ou

sl
y 

ra
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R
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at
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 m
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at
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 p
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at
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 f
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 p

ro
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m
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a. b. C
. d.

Id
en

tif
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so
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ce
s 
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at
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n.
A
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ze
 p
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 r
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ra
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 p
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 T
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 d
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S. Well, he set up his interpretation first and told what
the experiment was going to be and what he was

going to do . . . and he gave us everything he was
using and then he went ahead and did the experi-
ment, formulated his data, and put it right below
his interpretation so you got exactly what he did
out of it.

S. I think it's good that he wrote it out because people
weren't exactly mathematically inclined, therefore,
it would be easier for them to read and understand.
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role in science was primarily to be established or disestablished,

"proved" or "disproved." In fact, however, hypotheses play another

important role. They serve as guides pointing the way to new dis-

coveries.
We can make the significance of this role clearer by re-examining

the "If . . . , then . . ." logic associated with the use of hypotheses.
When we look at such a logical chain from one point of view, it seems
to be purely and simply a major step toward "proving" the "If." "If
A, then B." We seek for B. If we find it, our hypothesis, A, is ren-
dered possible. If we fail to find B, we are in doubt. If we show
that B does not exist, we have disproved the hypothesis, A.

Now let us look at an "If A, then B" from another point of view.
The A, the hypothesis, is a new idea, or a familiar idea in an untried
and unfamiliar context. Therefore, the B is also something new or
something familiar but located in a context as yet unsearched; so
we proceed to search for the new thing or in the new context. In
this new search something new may be discovered. Whether the
something new corresponds to our hypothesis or not, it sets off a
stream of fresh enquiries likely to lead to fresh and important knowl-
edge. This is the point suggested in Invitation 11 and repeated in
Invitations 12 and 13.

There are two important ways to emphasize this role of hypotheses.
One way is to point out that science is not one process but two. It is
a process of discovery as well as a process of "proof."

A second important way to present the role of hypotheses in the
process of discovery is as follows. The problem of obtaining wanted
data is twofold. First, it is the problem of obtaining the data when
we know what data we want. The planned and controlled experi-
ment is the best solution to this problem.

In addition, the problem of obtaining wanted data is the problem of
knowing what data to want. The conceiving of fresh hypotheses is
the way we solve this problem.

The two problems are, of course, connected. Hence the devices
that solve them are connected too. Although it is the experiment that
leads us to our data, it is the hypothesis that leads us to our experi-
ment. And the fresh hypothesis leads us also to fresh problems.
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s 

of
 c

nn
-

se
qu

en
ts

 m
ad

e 
up

 o
f 

th
e 

m
an

y 
di

ff
er

en
t c

on
se

qu
cn

ts
 f

lo
w

in
g 

se
p-



ar
at

el
y 

fr
om

 e
ac

h 
an

te
ce

de
nt

. W
ith

 o
ur

 id
en

tif
ie

d 
se

t o
f 

an
te

ce
de

nt
s

in
 h

an
d,

 to
ge

th
er

 w
ith

 th
e 

m
as

s 
of

 c
on

se
qu

en
ts

, t
he

 n
ex

t t
as

k 
is

 to
pe

rf
or

m
 a

n 
ex

pe
ri

m
en

t w
hi

ch
 w

ill
 id

en
tif

y 
th

e 
co

ns
eq

ue
nt

 o
f 

ea
ch

gi
ve

n 
an

te
ce

de
nt

.
L

et
 u

s 
se

e 
ho

w
 th

is
 w

or
ks

 o
ut

 in
 th

e 
ca

se
 o

f
ph

ys
io

lo
gy

.
L

et
 u

s 
ta

ke
 th

e 
ca

t a
s 

ou
r 

ca
se

 in
 p

oi
nt

. W
e 

ta
ke

 a
ll 

th
e 

se
pa

ra
te

or
ga

ns
 id

en
tif

ie
d 

by
 a

na
to

m
ic

al
 s

tu
dy

 o
f 

th
e 

ca
t a

s 
ou

r 
se

t o
f 

id
en

tif
ie

d
an

te
ce

de
nt

s.
 W

e 
th

en
 tr

ea
t t

he
 w

ho
le

 p
hy

si
ol

og
ic

al
 c

on
di

tio
n 

of
 th

e
no

rm
al

 c
at

 a
s 

m
ad

e 
up

 o
f 

th
e 

m
an

y 
co

ns
eq

ue
nt

s 
of

 a
ll 

th
es

e 
an

te
-

ce
de

nt
s.

T
he

n 
ou

r 
ex

pe
ri

m
en

ta
l i

de
nt

if
ic

at
io

n 
or

 li
nk

in
g 

up
 o

f 
co

n-
se

qu
en

t t
o 

an
te

ce
de

nt
 p

ro
ce

ed
s 

as
 f

ol
lo

w
s.

In
 a

 n
um

be
r 

of
 c

at
s 

w
e

re
m

ov
e 

on
e 

pa
rt

ic
ul

ar
 o

rg
an

. W
he

n 
th

e 
an

im
al

s 
ha

ve
 p

re
su

m
ab

ly
re

co
ve

re
d 

fr
om

 th
e 

ef
fe

ct
s 

of
 th

e 
su

rg
er

y,
 w

e 
sc

ru
tin

iz
e 

th
e 

ph
ys

io
lo

gy
of

 th
es

e 
ex

pe
ri

m
en

ta
l a

ni
m

al
s 

in
 s

ea
rc

h 
of

 d
if

fe
re

nc
es

 f
ro

m
 in

ta
ct

an
im

al
s.

W
he

n 
th

es
e 

di
ff

er
en

ce
s 

ar
e 

no
te

d 
w

e 
th

en
 tr

ea
t t

he
m

 a
s 

si
gn

s 
or

ev
id

en
ce

 o
f 

th
e 

ab
se

nc
e 

of
 th

at
 p

hy
si

ol
og

ic
al

 c
on

se
qu

en
t w

hi
ch

 n
or

-
m

al
ly

 f
ol

lo
w

s 
fr

om
 th

e 
re

m
ov

ed
 o

rg
an

 w
he

n 
th

at
 o

rg
an

 is
 p

re
se

nt
.

W
e 

th
en

 tr
y 

to
 in

te
rp

re
t t

he
se

 s
ig

ns
 o

f 
ab

se
nc

e 
so

 a
s 

to
 b

e 
ab

le
 to

sa
y 

w
ha

t t
he

 "
pr

es
en

ce
" 

is
; t

ha
t i

s,
 w

ha
t t

he
 o

rg
an

 d
oe

s 
w

he
n 

it 
is

pr
es

en
t.

T
hu

s,
 if

 w
e 

fi
nd

 th
at

 r
em

ov
al

 o
f 

th
e 

th
yr

oi
d 

gl
an

d 
le

ad
s 

to
 lo

w
er

te
m

pe
ra

tu
re

, p
la

ci
di

ty
, o

be
si

ty
, l

ow
er

 r
es

pi
ra

to
ry

 r
at

e,
 r

ed
uc

ed
 c

on
-

su
m

pt
io

n 
of

 o
xy

ge
n,

 a
nd

 s
o 

on
, w

e 
in

te
rp

re
t t

he
se

 a
s 

ab
se

nc
es

, a
s 

in
-

di
ca

to
rs

 o
f 

so
m

et
hi

ng
 c

al
le

d 
th

e 
"b

as
al

 m
et

ab
ol

is
m

" 
w

hi
ch

 is
 n

or
-

m
al

ly
 m

ai
nt

ai
ne

d 
by

 th
e 

th
yr

oi
d 

gl
an

d.
T

hi
s 

m
ai

nt
en

an
ce

 o
f 

ba
sa

l
m

et
ab

ol
is

m
 is

 th
en

 th
e 

di
sc

ov
er

ed
 c

on
se

qu
en

t o
f 

th
yr

oi
d 

ac
tiv

ity
ta

ke
n 

as
 a

nt
ec

ed
en

t.
T

he
 v

as
t q

ua
nt

ity
 o

f 
bi

ol
og

ic
al

 k
no

w
le

dg
e 

th
at

 ta
ke

s 
th

e 
fo

rm
 o

f
an

te
ce

de
nt

-c
on

se
qu

en
t c

on
ne

ct
io

ns
 b

ea
rs

 a
m

pl
e 

w
itn

es
s 

to
 th

e 
st

re
ng

th
an

d 
us

ef
ul

ne
ss

 o
f 

th
e 

co
nc

ep
tio

n 
of

 s
ep

ar
at

e 
ca

us
al

 li
ne

s.
It

 h
as

 a
ce

nt
ra

l w
ea

kn
es

s,
 h

ow
ev

er
, w

hi
ch

 is
, i

n 
fa

ct
, t

he
 b

as
ic

 id
ea

 b
eh

in
d 

th
e

ca
us

al
 li

ne
th

e 
id

ea
 o

f 
its

 in
de

pe
nd

en
ce

 f
ro

m
 e

ve
ry

 o
th

er
 li

ne
.

B
io

l-
og

is
ts

 k
no

w
 th

at
 "

ca
us

es
" 

or
 "

an
te

ce
de

nt
s"

 in
 li

vi
ng

 o
rg

an
is

m
s 

m
ay

no
t b

e 
in

de
pe

nd
en

t. 
T

he
y 

do
 n

ot
 n

ec
es

sa
ri

ly
 a

ct
 th

e 
sa

m
e 

w
ay

 r
e-

ga
rd

le
ss

 o
f 

th
e 

co
m

pa
ny

 th
ey

 k
ee

p.
 O

n 
th

e 
co

nt
ra

ry
, a

 li
vi

ng
 o

rg
an

-
is

m
 is

 s
o 

m
uc

h 
an

 in
te

gr
at

ed
 w

ho
le

 th
at

 th
e 

op
po

si
te

 is
 a

lm
os

t t
he

ru
le

: E
ve

ry
 "

ca
us

e"
 is

 li
ke

ly
 to

 h
av

e 
a 

di
ff

er
en

t e
ff

ec
t, 

de
pe

nd
in

g 
on

w
ha

t o
th

er
 c

au
se

s 
ar

e 
op

er
at

in
g 

at
 th

e 
sa

m
e 

tim
e.

T
hi

s 
m

as
si

ve
 in

te
ra

ct
io

n 
of

 c
au

se
s 

ca
n 

ar
is

e 
fr

om
 e

ith
er

 o
f 

tw
o

di
ff

er
en

t b
eh

av
io

rs
. O

n 
th

e 
on

e 
ha

nd
, i

f 
ca

us
e 

A
 is

 th
e 

ca
us

e 
w

e

ar
e 

in
te

re
st

ed
 in

, w
e 

m
ay

 th
in

k 
of

 c
au

se
 B

 a
s 

af
fe

ct
in

g 
ca

us
e 

A
 in

 a
ce

rt
ai

n 
w

ay
.

T
he

n,
 o

f 
co

ur
se

, t
he

 e
ff

ec
t o

f 
ca

us
e 

A
 w

ill
 d

if
fe

r 
de

-
pe

nd
in

g 
on

 w
he

th
er

 c
au

se
 1

3 
is

 a
ct

in
g 

or
 n

ot
, s

in
ce

 A
 in

 th
es

e 
tw

o
ca

se
s 

w
ill

, i
n 

ef
fe

ct
, b

e 
tw

o 
di

ff
er

en
t c

au
se

s.
O

n 
th

e 
ot

he
r 

ha
nd

,
ca

us
e 

B
 m

ay
 h

av
e 

an
 e

ff
ec

t o
n 

th
e 

sa
m

e 
en

d 
or

ga
n 

as
 d

oe
s.

 c
au

se
 A

.
In

 th
at

 c
as

e,
 a

ga
in

, t
he

 a
pp

ar
en

t e
ff

ec
t o

f 
ca

us
e 

A
 w

ill
 d

if
fe

r 
de

pe
nd

-
in

g 
on

 w
he

th
er

 c
au

se
 B

 is
 a

ct
in

g 
or

 n
ot

.
Ph

ys
io

lo
gy

 o
ff

er
s 

us
 a

n 
ex

ce
lle

nt
 e

xa
m

pl
e 

of
 th

is
 k

in
d 

of
 in

te
ra

c-
tio

n.
If

 w
e 

re
m

ov
e 

is
le

t t
is

su
e 

of
 th

e 
pa

nc
re

as
 f

ro
m

 a
 n

um
be

r 
of

ex
pe

ri
m

en
ta

l a
ni

m
al

s,
 w

e 
fi

nd
 th

at
 a

bs
en

ce
 o

f 
th

is
 ti

ss
ue

 le
ad

s 
to

vi
ol

en
t u

ps
et

 in
 th

e 
ut

ili
za

tio
n 

of
 s

ug
ar

 a
nd

 f
at

s.
If

 in
 a

no
th

er
 g

ro
up

of
 e

xp
er

im
en

ta
l a

ni
m

al
s 

w
e 

re
m

ov
ed

 th
e 

pi
tu

ita
ry

 g
la

nd
 (

an
te

ri
or

lo
be

),
 w

e 
ki

nd
 c

es
sa

tio
n 

of
 b

on
e 

gr
ow

th
 a

nd
 o

f 
se

xu
al

 m
at

ur
at

io
n 

an
d

fu
nc

tio
n.

If
 w

e 
no

w
 r

em
ov

e 
bo

th
 o

rg
an

s 
fr

om
 th

e 
sa

nt
e 

an
im

al
s 

w
e

di
sc

ov
er

 c
on

se
qu

en
ce

s 
ve

ry
 d

if
fe

re
nt

 f
ro

m
 th

e 
ex

pe
ct

at
io

n 
ba

se
d 

on
th

e 
no

tio
n 

of
 s

ep
ar

at
e 

ca
us

al
 li

ne
s.

A
ni

m
al

s 
w

ith
 b

ot
h 

th
es

e 
tis

su
es

re
m

ov
ed

 d
o 

no
t e

xh
ib

it 
m

er
el

y 
th

e 
sa

m
e 

fa
ilu

re
 o

f 
su

ga
r 

an
d 

fa
t

m
et

ab
ol

is
m

 to
ge

th
er

 w
ith

 th
e 

sa
m

e 
fa

ilu
re

 o
f 

bo
ne

 g
ro

w
th

 a
nd

 s
ex

ua
l

m
at

ur
at

io
n 

se
en

 in
 th

e 
ca

se
s 

of
 s

ep
ar

at
e 

re
m

ov
al

. O
n 

th
e 

co
nt

ra
ry

,
fa

ilu
re

 o
f 

re
gu

la
tio

n 
of

 s
ug

ar
 m

et
ab

ol
is

m
 is

 m
uc

h 
le

ss
 s

ev
er

e 
w

he
n

bo
th

 o
rg

an
s 

ar
e 

re
m

ov
ed

 th
an

 it
 is

 w
he

n 
th

e 
is

le
t t

is
su

e 
al

on
e 

is
 r

e-
m

ov
ed

.
In

 s
ho

rt
, t

he
 c

on
ce

pt
 o

f 
an

 o
rg

an
is

m
 a

s 
co

ns
is

tin
g 

of
 s

ep
-

ar
at

e 
an

d 
in

de
pe

nd
en

t c
au

sa
l l

in
es

 is
 a

 h
ig

hl
y 

si
m

pl
if

ie
d 

m
od

el
 o

f
th

e 
or

ga
ni

sm
.

T
he

 f
ac

t t
ha

t t
he

 c
on

ce
pt

 is
 a

 h
ig

hl
y 

si
m

pl
if

ie
d 

m
od

el
 d

oe
s 

no
t

m
ea

n,
 h

ow
ev

er
, t

ha
t i

t i
s 

on
e 

to
 b

e 
di

sc
ar

de
d.

 O
n 

th
e 

co
nt

ra
ry

, i
t

ha
s 

gi
ve

n 
us

 a
nd

 w
ill

 c
on

tin
ue

 to
 g

iv
e 

us
 a

 v
as

t q
ua

nt
ity

 o
f 

kn
ow

l-
ed

ge
 a

bo
ut

 th
e 

or
ga

ni
sm

. T
he

 f
ac

t t
ha

t t
he

 m
od

el
 is

 s
im

pl
er

 th
an

th
e 

re
al

ity
 m

ea
ns

 o
nl

y 
th

at
 w

e 
ne

ed
 o

th
er

 m
od

el
s 

le
ad

in
g 

to
 o

th
er

ki
nd

s 
of

 e
xp

er
im

en
ts

, o
th

er
 k

in
ds

 o
f 

da
ta

, a
nd

, t
he

re
fo

re
, o

th
er

 k
in

ds
of

 k
no

w
le

dg
e 

of
 th

e 
or

ga
ni

sm
.

Sp
ec

if
ic

al
ly

, w
e 

ne
ed

 a
 c

on
ce

pt
 w

hi
ch

 b
ri

ng
s 

ba
ck

 in
to

 th
e 

pi
ct

ur
e

w
ha

t t
he

 id
ea

 o
f 

se
pa

ra
te

 c
au

sa
l l

in
es

so
 c

on
sp

ic
uo

us
ly

 le
av

es
 o

ut
th

e 
or

ga
ni

sm
 a

s 
a 

w
ho

le
. T

he
 id

ea
 o

f 
se

pa
ra

te
 c

au
sa

l l
in

es
sa

ys
, i

n
ef

fe
ct

, t
ha

t t
he

re
 is

 n
o 

w
ho

le
 in

 a
ny

 f
un

ct
io

na
l

se
ns

e.
In

st
ea

d,
 th

e
co

nc
ep

t t
re

at
s 

th
e 

or
ga

ni
sm

 s
im

pl
y 

as
 a

 c
ol

le
ct

io
n,

 n
ot

 u
n 

or
ga

ni
za

-
tio

n,
 o

f 
ca

us
es

.
E

ac
h 

ca
us

al
 li

ne
, t

ak
en

 s
ep

ar
at

el
y,

 is
 th

e 
ob

je
ct

 o
f

in
ve

st
ig

at
io

n.
 T

he
 w

eb
 f

or
m

ed
 b

y 
th

es
e 

lin
es

 is
 n

ot
 in

ve
st

ig
at

ed
.

T
he

 c
on

ce
pt

 o
f 

fu
nc

tio
n 

is
 o

ne
 o

f 
th

e 
pr

in
ci

pl
es

 o
f 

en
qu

ir
y 

th
at

do
es

 b
ri

ng
 b

ac
k 

th
e 

or
ga

ni
sm

as
 a

 w
ho

le
.

T
hi

s 
co

nc
ep

t a
nd

 th
e

si
m

pl
e 

w
ay

 it
 o

pe
ra

te
s 

ar
e 

ill
us

tr
at

ed
 in

 th
e 

In
vi

ta
tio

ns
 o

f 
G

ro
up

 I
V
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of
 f

un
ct

io
n



In
te

rim
 S

um
m

ar
y 

4 T
he

 C
on

ce
pt

 o
f F

un
ct

io
na

l P
ar

t

PA
R

T
 A

N
D

 W
H

O
L

E

In
 I

nv
ita

tio
ns

 3
2 

to
 3

7 
w

e 
ha

ve
 s

ee
n 

th
e 

op
er

at
io

n 
of

 a
pr

in
ci

pl
e 

of
en

qu
ir

y 
w

hi
ch

 g
iv

es
 s

pe
ci

al
 w

ei
gh

t t
o 

th
e 

w
ho

le
, o

ne
w

hi
ch

 tr
ea

ts
 p

ar
ts

as
 s

ub
se

rv
ie

nt
 to

 th
e 

w
ho

le
 a

nd
 to

be
 in

ve
st

ig
at

ed
 b

y 
as

ki
ng

 w
ha

t
ro

le
 th

ey
 s

er
ve

 in
 th

e 
ec

on
om

y 
of

 th
e 

w
ho

le
.

In
 th

is
 c

on
ce

pt
io

n 
th

e 
"w

ho
le

" 
ha

s 
fi

rs
t p

la
ce

.
It

 is
 a

 "
go

in
g 

co
nc

er
n"

w
ith

 a
 c

er
ta

in
 c

ha
ra

ct
er

 o
r 

na
tu

re
.

T
ha

t c
ha

ra
ct

er
 o

r 
na

tu
re

 is
 e

x-
pr

es
se

d 
th

ro
ug

h 
a 

nu
m

be
r 

of
 c

ap
ac

iti
es

 a
nd

 a
ct

iv
iti

es
 c

ha
ra

ct
er

is
tic

of
 it

.
T

hu
s 

th
e 

ch
ar

ac
te

r 
or

 n
at

ur
e 

w
e 

ca
ll 

"a
ni

m
al

" 
is

 e
xp

re
ss

ed
th

ro
ug

h 
a 

ca
ta

lo
gu

e 
of

 c
ap

ac
iti

es
 a

nd
 a

ct
iv

iti
es

 a
s 

fa
m

ili
ar

 a
s 

it 
is

ve
ne

ra
bl

e,
 th

at
 is

, i
ng

es
tio

n,
 d

ig
es

tio
n,

 d
is

tr
ib

ut
io

n 
an

d 
as

si
m

ila
tio

n,
ex

cr
et

io
n,

 lo
co

m
ot

io
n,

 in
te

gr
at

io
n,

 r
ep

ro
du

ct
io

n,
 a

nd
 s

o 
on

.
T

he
ch

ar
ac

te
r 

or
 n

at
ur

e 
of

 a
 s

pe
ci

fi
c 

an
im

al
 w

ou
ld

 b
e 

ex
pr

es
se

d
th

ro
ug

h
sp

ec
if

ic
 v

er
si

on
s 

of
 th

es
e 

ge
ne

ri
c 

tr
ai

ts
 p

lu
s 

ce
rt

ai
n 

ot
he

rs
 w

hi
ch

 s
et

th
at

 s
pe

ci
es

 a
pa

rt
 f

ro
m

 o
th

er
 s

pe
ci

es
.

T
he

se
 c

ap
ac

iti
es

 a
nd

 a
ct

iv
iti

es
, i

n 
tu

rn
, m

ak
e 

ce
rt

ai
n

de
m

an
ds

.
T

he
re

 a
re

 c
on

di
tio

ns
 th

at
 m

us
t b

e 
he

ld
 w

ith
in

 b
ou

nd
s 

an
d 

ne
ed

s
th

at
m

us
t b

e 
su

pp
lie

d 
if

 th
ey

 a
re

 to
 b

e 
m

ai
nt

ai
ne

d.
It

 is
 h

er
e 

th
at

 th
e

"p
ar

ts
" 

pl
ay

 th
ei

r 
ro

le
.

T
he

y 
ar

e 
th

e 
se

rv
an

ts
 o

f 
th

e 
w

ho
le

, s
up

pl
y-

in
g 

its
 n

ee
ds

 a
s 

w
el

l a
s 

co
ns

tit
ut

in
g 

its
 v

is
ib

le
 e

xi
st

en
ce

.
In

 th
is

 c
on

ce
pt

io
n 

th
e 

no
tio

n 
of

 "
pa

rt
s"

 is
 v

er
y 

fl
ex

ib
le

.
Fo

r 
th

e
pu

rp
os

es
 o

f 
on

e 
st

ag
e 

of
 in

ve
st

ig
at

io
n,

th
ey

 m
ay

 b
e 

ta
ke

n 
to

 b
e 

su
ch

gr
os

s 
pa

rt
s 

as
 th

e 
en

tir
e 

ci
rc

ul
at

or
y 

sy
st

em
,

th
e 

di
ge

st
iv

e 
tr

ac
t, 

th
e

ne
rv

ou
s 

sy
st

em
, a

nd
 s

o 
on

. A
t

an
ot

he
r 

st
ag

e,
 w

e 
m

ay
 f

oc
us

 d
ow

n,
 tr

ea
t

ea
ch

 s
ys

te
m

, f
or

 th
e 

tim
e 

be
in

g,
 a

s 
a 

"w
ho

le
,"

 a
nd

 in
ve

st
ig

at
e 

its
 p

ar
ts

,
th

e 
or

ga
ns

.
O

rg
an

s,
 in

 tu
rn

, m
ay

 b
e 

tr
ea

te
d 

as
 w

ho
le

s 
w

hi
le

 w
e 

in
-

ve
st

ig
at

e,
 a

s 
th

ei
r 

pa
rt

s,
 th

e 
tis

su
es

, t
he

 v
ar

ie
ty

 o
f 

ce
lls

, e
ve

n
th

e
m

ic
ro

st
ru

ct
ur

es
, w

hi
ch

 c
om

po
se

 a
nd

 m
ai

nt
ai

n 
th

em
.

T
he

 p
at

te
rn

 o
f 

en
qu

ir
y 

w
hi

ch
 f

lo
w

s 
fr

om
 th

is
 c

on
ce

pt
io

n
of

 p
ar

t
an

d 
w

ho
le

 is
 tw

o-
pr

on
ge

d.
Fi

rs
t, 

th
er

e 
m

us
t b

e 
so

m
e 

pr
el

im
in

ar
y

ge
ne

ra
l k

no
w

le
dg

e 
of

 th
e 

w
ho

le
: a

 g
ra

sp
 o

f 
its

 c
ha

ra
ct

er
an

d 
na

tu
re

,
an

d 
a 

de
ta

ili
ng

 o
f 

th
is

 c
ha

ra
ct

er
 a

nd
 n

at
ur

e 
as

 w
e 

ha
ve

 n
ot

ed
. W

e
ha

ve
 a

lr
ea

dy
 s

ee
n 

ex
am

pl
es

 o
f 

th
is

 p
ro

ce
du

re
: d

et
ai

lin
g 

of
 a

ni
m

al
ch

ar
ac

te
r 

in
 te

rm
s 

of
 in

ge
st

io
n,

 d
ig

es
tio

n,
 a

nd
 s

o 
on

; s
pe

ci
fi

ca
tio

n
of

hu
m

an
 c

ha
ra

ct
er

 in
 te

rm
s 

of
 a

 m
od

if
ie

d 
an

im
al

 c
ha

ra
ct

er
 p

lu
s

th
os

e
fu

rt
he

r 
be

ha
vi

or
s 

w
hi

ch
 s

et
 m

en
 a

pa
rt

 f
ro

m
 o

th
er

 a
ni

m
al

s.
T

hi
s 

ge
ne

ra
l c

ha
ra

ct
er

 o
f 

th
e 

w
ho

le
 is

 d
is

co
ve

re
d 

th
ro

ug
h 

th
e 

cl
as

si
-

ca
l p

ro
ce

ss
 c

al
le

d 
in

du
ct

io
n.

In
 th

is
 p

ro
ce

ss
 n

um
er

ou
s 

in
st

an
ce

s 
of

ea
ch

 k
in

d 
of

 th
in

g 
ar

e 
sc

ru
tin

iz
ed

 in
 th

ei
r 

no
rm

al
 s

ta
te

 a
nd

 c
on

di
tio

n.
Fr

om
 th

is
 r

ep
ea

te
d 

ob
se

rv
at

io
n 

of
 th

em
 c

om
es

 th
e 

st
at

e 
of

 m
in

d
ca

lle
d 

"e
xp

er
ie

nc
e"

; f
ro

m
 e

xp
er

ie
nc

e,
 in

 tu
rn

, c
om

es
 th

e 
in

du
ct

iv
e 

le
ap

th
at

 d
is

ca
rd

s 
in

di
vi

du
al

 v
ar

ia
bi

lit
y 

an
d 

th
e 

in
ci

de
nt

al
 a

nd
 ta

ke
s 

ho
ld

of
 w

ha
t i

s 
ce

nt
ra

l a
nd

 c
ha

ra
ct

er
is

tic
.

T
hi

s 
pr

oc
es

s 
is

 n
ot

 a
 g

ua
ra

nt
ee

d 
on

e.
 O

ur
 s

am
pl

e 
of

 in
st

an
ce

s 
m

ay
be

 b
ia

se
d 

( 
at

yp
ic

al
).

T
he

 s
el

ec
tiv

e 
ob

se
rv

at
io

ns
 o

f 
di

ff
er

en
t i

nv
es

ti-
ga

to
rs

 w
ill

 s
el

ec
t i

n 
di

ff
er

en
t w

ay
s,

 d
ep

en
di

ng
 o

n 
th

ei
r 

pa
st

hi
st

or
ie

s
an

d 
in

te
re

st
s.

H
en

ce
, d

is
ag

re
em

en
t a

s 
to

 th
e 

es
se

nt
ia

l c
ha

ra
ct

er
 o

f
th

e 
"k

in
d"

 u
nd

er
 in

ve
st

ig
at

io
n 

w
ill

 a
ri

se
.

(T
hi

s 
is

 th
e 

pr
in

ci
pa

l s
ou

rc
e

of
 th

e 
sh

ad
es

 o
f 

op
in

io
n 

an
d 

th
e 

di
ve

rs
iti

es
 o

f 
or

ga
ni

za
tio

n 
w

hi
ch

 a
rc

fo
un

d 
w

he
re

ve
r 

m
en

 d
ev

el
op

 c
la

ss
if

ic
at

or
y 

sc
he

m
es

 in
 w

hi
ch

 "
ki

nd
s"

ar
e 

di
st

in
gu

is
he

d 
an

d 
de

fi
ne

d.
)

A
s 

w
e 

sh
al

l s
ee

, h
ow

ev
er

, t
he

 p
at

te
rn

of
 e

nq
ui

ry
 u

se
d 

to
 in

ve
st

ig
at

e 
pa

rt
s 

no
t o

nl
y 

re
qu

ir
es

 th
is

 p
ri

or
, i

nd
uc

-
tiv

e 
in

ve
st

ig
at

io
n 

of
 th

e 
w

ho
le

 b
ut

 p
ro

gr
es

si
ve

ly
 c

or
re

ct
s 

it.

T
H

E
 P

A
T

T
E

R
N

 O
F 

E
N

Q
U

IR
Y

! 
PA

R
T

 R
E

L
A

T
IV

E
 T

O
 W

H
O

L
E

W
he

n 
w

e 
ha

ve
 o

ur
 p

re
lim

in
ar

y,
 in

du
ct

iv
e 

gr
as

p 
of

 th
e 

w
ho

le
 r

ea
-

so
na

bl
y 

w
el

l e
st

ab
lis

he
d,

 w
e 

ar
e 

re
ad

y 
to

 tu
rn

 to
 in

ve
st

ig
at

io
n 

of
 th

e
pa

rt
s.

 T
he

 le
ad

in
g 

qu
es

tio
n 

w
e 

ar
e 

to
 a

sk
 in

 e
ac

h 
su

ch
 in

ve
st

ig
at

io
n

is
 c

le
ar

 e
no

ug
h:

 W
ha

t i
s 

th
e 

ro
le

 o
f 

ea
ch

 p
ar

t i
n 

th
e 

w
ho

le
 e

co
no

m
y?

W
ha

t d
oe

s 
it 

do
 f

or
 th

e 
w

ho
le

?
W

ha
t i

s 
no

t a
t a

ll 
cl

ea
r,

 h
ow

ev
er

, i
s 

w
ha

t d
at

a 
w

e 
ne

ed
 to

 a
ns

w
er

su
ch

 a
 q

ue
st

io
n 

an
d 

ho
w

 th
es

e 
da

ta
 a

re
 to

 b
e 

in
te

rp
re

te
d.

It
 is

 a
t t

hi
s

po
in

t t
ha

t t
he

 c
on

ce
pt

io
n 

m
ak

es
 it

s 
cr

uc
ia

l c
om

m
itm

en
t, 

se
ts

 f
or

th
th

e 
no

tio
n 

w
hi

ch
 is

 a
t o

nc
e 

its
 g

re
at

es
t s

tr
en

gt
h 

an
d 

its
 s

or
es

t p
oi

nt
.

T
ha

t n
ot

io
n 

is
 b

ri
ef

ly
 a

nd
 s

im
pl

y 
th

is
: T

he
 s

tr
uc

tu
re

 o
f 

ev
er

y 
pa

rt
, t

he
lo

ca
tio

n 
of

 e
ve

ry
 p

ar
t, 

an
d 

th
e 

ob
se

rv
ab

le
 a

ct
io

ns
 o

f 
or

 in
 e

ve
ry

 p
ar

t



ar
e 

al
l a

pp
ro

pr
ia

te
 to

, n
ea

tly
 f

itt
in

g 
fo

r,
 th

e 
ro

le
 it

 p
la

ys
 in

 th
e

w
ho

le
(s

ee
 a

ls
o 

pa
ge

s 
19

3-
19

4)
.

T
hi

s 
cr

uc
ia

l n
ot

io
n 

br
in

gs
 th

e 
fu

nc
tio

na
l c

on
ce

pt
io

n 
to

 li
fe

, m
ak

es
it 

an
 o

pe
ra

tiv
e 

pr
in

ci
pl

e 
of

 e
nq

ui
ry

, b
y 

te
lli

ng
 u

s 
w

ha
t d

at
a 

to
 s

ee
k

an
d 

w
ha

t q
ue

st
io

ns
 to

 a
sk

 in
 o

ur
 la

bo
ra

to
ry

.
If

 th
e 

st
ru

ct
ur

e,
 lo

ca
tio

n,
an

d 
ac

tio
n 

of
 e

ac
h 

pa
rt

 is
 a

pp
ro

pr
ia

te
 to

 it
s 

ro
le

, t
he

n,
 f

ro
m

 k
no

w
l-

ed
ge

 o
f 

st
ru

ct
ur

e,
 lo

ca
tio

n,
 a

nd
 a

ct
io

n,
 w

e 
sh

ou
ld

 b
e 

ab
le

 to
 in

fe
r 

th
at

ro
le

.
T

he
se

 m
at

te
rs

, t
he

n,
 a

re
 w

ha
t w

e 
sh

ou
ld

 s
ee

k 
to

 d
is

co
ve

r 
as

ou
r 

da
ta

: W
ha

t i
s 

th
e 

sh
ap

e,
 th

e 
ar

ch
ite

ct
ur

e,
 th

e 
de

ta
ile

d 
st

ru
ct

ur
e

of
 th

e 
pa

rt
 w

e 
ar

e 
in

ve
st

ig
at

in
g?

 S
ec

on
d,

 w
e 

as
k,

 W
ha

t a
re

 it
s 

ne
ig

h-
bo

rs
 a

nd
 h

ow
 is

 it
 c

on
ne

ct
ed

 w
ith

 th
em

; w
ha

t d
oe

s 
it 

pa
ss

 o
n 

to
 th

em
,

or
 d

o 
to

 th
em

?
T

hi
rd

, W
ha

t a
re

 it
s 

ac
tiv

iti
es

?
T

ha
t i

s,
 w

ha
t p

er
-

ce
pt

ib
le

 m
ot

io
ns

 a
re

 th
er

e 
( 

as
 in

 th
e 

he
ar

t)
? 

W
ha

t d
o 

w
e 

se
e 

en
te

r-
in

g 
th

em
? 

L
ea

vi
ng

 th
em

? 
H

ap
pe

ni
ng

 w
ith

in
 th

em
? 

W
ha

t c
he

m
ic

al
ch

an
ge

s?
 P

hy
si

ca
l c

ha
ng

es
?

W
e 

no
w

 a
ls

o 
kn

ow
 w

ha
t t

o 
do

 w
ith

 th
es

e 
da

ta
 w

he
n 

w
e 

ha
ve

 th
em

.
W

e 
ar

e 
to

 tr
ea

t t
he

m
 a

s 
in

di
ca

to
rs

, e
vi

de
nc

e 
of

 w
ha

t t
he

 p
ar

t d
oe

s 
fo

r
th

e 
w

ho
le

. W
e 

ar
e 

to
 in

te
rp

re
t t

he
 s

tr
uc

tu
re

 o
f 

th
e 

pa
rt

 a
s 

be
in

g
w

ha
t i

t i
s 

be
ca

us
e 

th
at

 is
 th

e 
st

ru
ct

ur
e 

w
hi

ch
 w

ill
 b

es
t (

 o
r 

ef
fe

ct
iv

el
y 

)
en

ab
le

 th
e 

pa
rt

 to
 s

er
ve

 it
s 

fu
nc

tio
n.

 T
he

 c
on

ne
ct

io
ns

 o
f 

th
is

 p
ar

t t
o

ot
he

r 
pa

rt
s 

si
m

ili
ar

ly
 e

xi
st

 a
s 

th
e 

co
nn

ec
tio

ns
 w

hi
ch

 b
es

t e
na

bl
e 

it 
to

pl
ay

 it
s 

ro
le

.
So

 to
o,

 th
e 

m
ot

io
ns

 a
nd

 c
ha

ng
es

 w
hi

ch
 ta

ke
 p

la
ce

 in
 th

e
pa

rt
.

O
ne

 f
in

e 
ex

am
pl

e 
of

 th
e 

us
e 

of
 th

is
 p

ri
nc

ip
le

 o
f 

en
qu

ir
y 

is
 H

ar
ve

y'
s

in
ve

st
ig

at
io

n 
of

 th
e 

ro
le

 o
f 

th
e 

he
ar

t.
Fi

rs
t, 

he
 e

xa
m

in
ed

 it
s 

st
ru

ct
ur

e:
th

e 
ch

am
be

rs
 in

to
 w

hi
ch

 it
 w

as
 d

iv
id

ed
, t

he
 m

ov
ab

le
 f

la
ps

 w
hi

ch
gu

ar
d 

th
e 

en
tr

y 
in

to
 e

ac
h 

ch
am

be
r,

 th
e 

ar
ra

ng
em

en
t o

f 
th

e 
fi

be
rs

w
hi

ch
 c

om
po

se
 it

s 
w

al
ls

.
B

y 
a 

cl
os

er
 s

tu
dy

 h
e 

id
en

tif
ie

d 
th

es
e 

fi
be

rs
as

 m
us

cu
la

r.
 H

e 
th

en
 a

sk
ed

 h
im

se
lf

 w
ha

t s
uc

h 
a 

st
ru

ct
ur

e 
an

d 
ar

-
ra

ng
em

en
t w

ou
ld

 d
o.

 H
e 

tr
ac

ed
 th

e 
co

ns
eq

ue
nc

es
 o

f 
co

nt
ra

ct
io

n 
of

th
e 

m
us

cl
e 

fi
be

rs
: T

he
y 

w
er

e 
so

 a
rr

an
ge

d 
th

at
 th

ei
r 

co
nt

ra
ct

io
n 

w
ou

ld
re

su
lt 

in
 a

n 
ov

er
al

l r
ed

uc
tio

n 
in

 th
e 

vo
lu

m
e 

of
 th

e 
ch

am
be

rs
 o

f 
th

e
he

ar
t. 

H
e 

th
en

 to
ok

 n
ot

e 
of

 th
e 

co
ns

eq
ue

nc
es

 o
f 

su
ch

 a
 c

on
st

ri
ct

io
n 

on
th

e 
bl

oo
d 

th
e 

he
ar

t c
on
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in
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sa

w
 th
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n 
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f 
th

e 
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 c
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m

be
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ne
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no
th

er
, a

nd
 in

 c
on

se
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en
ce

 o
f 

th
e 

ar
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ng
em

en
ts

 o
f

th
e 

fl
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s 
at

 e
nt

ry
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nd
 e

xi
t, 

th
e 
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oo

d 
w

ou
ld

 b
e 

im
pe
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d 

th
ro

ug
h 
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in

 p
at
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m

be
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 c
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m
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d 

th
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g 
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ed
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 c
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er
ge

nc
e 

of
 v

es
se

ls
 le

ad
in

g 
to

 a
nd

 f
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e 

re
m
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 o
f 
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ei

r 
w
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ha
d
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 p
er
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 d
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a
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 c
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 b
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e 
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Fi

na
lly
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ou
gh
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e 
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r 
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-
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n,
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nd
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n 
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e 
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nd
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te
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te
d,
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e 

tu
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ed
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th
e 

vi
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bl
e 
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tio
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f 
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 b

lo
od

 v
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se
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ot
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e 
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r 

an
d
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en
ce

 o
f 
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nt

ra
ct

io
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e 
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g 
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d 
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de
ni
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f 
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 b

lo
od
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a 
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da
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m
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w
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 w
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.
T
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e 
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p
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 c
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t c
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od
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 b
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k
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T
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f 
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se
, i

s 
no

t t
he
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 o
f 

th
e 

w
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k,
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e 
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et

 c
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-
ne
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ed
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is
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em
en

t o
f 
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e 

bl
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d 
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e 

w
ho
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m
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e 
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ed
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r
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 th
e 
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dy

 w
hi

ch
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lti
m

at
el
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 c

ir
cu
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tio

n 
se

rv
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.
T
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s

m
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r 
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 b

e 
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 c
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e

th
e 
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r,
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at

 e
m
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as

is
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e 

bo
dy

 o
n 

fl
ow

 th
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ug
h 
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e 

lu
ng

s.
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m
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w
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as
on
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 f
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th

er
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e 
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no
te

 h
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e 
th

e 
fu

rt
he

r
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e 
of

 d
at

a 
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ou
t c

on
ne

ct
io

ns
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nd
 n
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gh
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So

, t
he
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t p
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r 
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te
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 W
ha

t h
ap

pe
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 th

e 
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oo
d 

in
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e
th
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ug

h 
th

e 
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ng
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If
 a

nd
 w
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n 

th
at

 q
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st
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n 
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w
er
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, w

e 
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l n

ot
e 

ot
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r 
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or
e 

ri
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ie
d 

w
ith

 b
lo

od
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se

ls
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 th

e 
or
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an

d 
se

ek
 to

 d
is
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r 
w
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pe
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al
 e

ve
nt
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 p
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ce

 th
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e.
Fi

na
lly

,
w
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sh

al
l t

ry
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 tr
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e 
th

e 
co

nn
ec

tio
n 
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n 

w
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t h
ap

pe
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 th

e 
bl
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in
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d 

ot
he

r 
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 p
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s 
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d 

th
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e 
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en
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l d
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f 
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e 
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s 
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 d
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fe
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e 
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 c
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w
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e 
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 d
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ep
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 d
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en
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 p
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 d
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fe
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 o
f 

a 
te

xt
bo

ok
:

- 
lo

o



jr.
11

11
11

11
M

P
E

IM
P

IF
F

M
N

IM
M

IN
W

IM
P

IN
F

IR
P

O
P

P
IIM

M
III

IM
M

IW
IF

1.
 C

he
m
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s 
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 b
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di
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e

m
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t o
f 

w
hi
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od

 c
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 I

n 
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se
s 
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ca
l i
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 m
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y 
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, t
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 p
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te
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ne
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or

in
g 
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d 
ve
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el

 w
al
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 is
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re
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 c
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qu
en
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ri
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fl
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ut
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ch

 d
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no
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m
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 f
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ay
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lo
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ut
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 c
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si
de
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bl

e 
qu

an
tit

y.
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 V
ar

io
us
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te
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al
 p

ro
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ct
s 

ar
e 

kn
ow
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to
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ea
se
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e 

ph
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en
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lf
in
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ct
iv
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 c
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l c
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 c
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so
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et
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ng
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W
he

n 
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er
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de
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 s
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at
ch
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r 
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tu
re
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ou

nd
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 n
um
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r 
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 p

ro
ce

ss
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et
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 m

ot
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n 
w

hi
ch

 s
er

ve
 e

ve
nt
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lly
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 w

al
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ff
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e 
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fe
ct

ed
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re
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 p
re

ve
nt

 th
e 

sp
re

ad
 o

f
th

e 
in

va
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ng
 o

rg
an

-
is

m
s,

 a
nd

 d
es

tr
oy

 th
e 

de
ve

lo
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ng
 c

ol
on

y 
of

 in
va

de
rs

.
T

he
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ld
 th

en
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ep
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he

 d
et
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le

d 
st

ep
s 

by
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ch
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e 
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re
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ch
ie

ve
d.

In
 s
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ud
e 

al
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he
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em
s

w
hi

ch
 e
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er

ge
d 

as
 f

ru
its

 o
f 

ca
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al
-l

in
e 

en
qu

ir
ie

s,
 b

ut
 th

es
e 

de
ta

ils
w

ou
ld

 b
e 

re
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te
d 

to
 o

ne
 a

no
th

er
 a

nd
 to

 th
e 

w
ho

le
 o

rg
an

is
m

 b
y 

ex
hi
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t-

in
g 

th
e 

ro
le

s 
th

ey
 p

la
ye

d 
in

 p
ro

te
ct

in
g 

th
e 

bo
dy

 a
ga

in
st

 in
va

di
ng

ba
c-

te
ri

a. N
ot

e 
th

at
 th

e 
tw

o 
fa

m
ili

ar
 w

or
ds

 "
or

ga
n"

 a
nd

 "
fu

nc
tio

n"
 h

av
e 

th
ei

r
or

ig
in

 in
 th

is
 c

on
ce

pt
 o

f 
pa

rt
 a

nd
 w

ho
le

. "
O

rg
an

" 
m

ea
ns

 m
uc

h 
m

or
e

th
an

 m
er

el
y 

a 
di

st
in

gu
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e 
pa

rt
; i

t m
ea
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 a

n 
ag

en
t, 

a 
su

bo
rd

in
at

e,
a 

so
m

et
hi

ng
 in

 th
e 

se
rv

ic
e 

of
 th

e
w

ho
le
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Fu

nc
tio

n"
 m

ea
ns

 m
uc

h 
m

or
e

th
an

 a
 m

er
e 

do
in

g;
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ea
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 a

 d
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ng
 w

hi
ch

 is
 s

ee
n 

an
d 

un
de
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to

od
 a

nd
ph

ra
se

d 
in

 te
rm

s 
of

 th
e 

se
rv

ic
e 

it 
re

nd
er

s 
to

 th
e 

w
ho

le
.

It
 is

 in
 th

is
 c

on
ce

pt
 o

f 
th

e 
or

ga
ni
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 th

at
 th

e 
ce

nt
ra

l p
la

ce
 o

f 
an

at
om

y
an

d 
ph

ys
io

lo
gy

 a
s 

sc
ie

nc
es

 o
f 

gr
ea

t d
ig

ni
ty

 h
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 it
s 

or
ig

in
. A

na
to

m
y 

is
re

sp
on

si
bl

e 
fo

r 
di

sc
ov

er
y 

an
d 

de
sc

ri
pt

io
n 

of
 th

e 
st

ru
ct

ur
e,

 to
po

gr
ap

hy
,

an
d 

ar
ch

ite
ct

ur
e 

of
 p

ar
ts

.
Ph
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io

lo
gy

 is
 r
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ns
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le
 f

or
 d
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co

ve
ry

of
 m

ot
io

ns
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nd
 a

ct
io

ns
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nd
 f

or
 in

te
rp

re
ta

tio
ns

 o
f 

al
l t
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 d

at
a 
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-
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, l

oc
at

io
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ct
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n,

 to
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 c
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cl
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io
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t f
un

ct
io

n.
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 c
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st
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ep
t o

f 
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e 
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e 
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e 

w
ea
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 in
 th
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ep

t o
f 
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de

pe
nd

en
t c
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sa

l s
tr
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ds

.
T

he
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o
m
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dv

an
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ge
s.

L
et

 u
s 

ex
am

in
e 

so
m

e 
of

 e
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h.
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s 
pr
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ci

pa
l v

ir
tu

e 
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 th
e 
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ct

 th
at

 it
 b

ri
ng

s 
"t

he
 o

rg
an

is
m
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th

e 
w

ho
le

, b
ac

k 
in

to
 th

e 
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el
d 

of
 e
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ry
. T

he
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ho
le

 is
 lo

st
 in

 th
e 

co
n-

ce
pt

 o
f 

in
de

pe
nd

en
t c

au
sa

l s
tr

an
ds

 a
nd
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 lo
ss

 h
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 c
on

se
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en
ce

s
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r
en

qu
ir
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A

 s
ec
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d 

an
d 

le
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us
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an
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f 
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e 
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l c
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ce

pt
io

n 
ov

er
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at
 o

f 
in

de
pe
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en

t c
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 is
 th
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: I

t p
er

m
its

 a
n 

in
te

gr
at

io
n 

of
m

an
y 

bi
ol

og
ic

al
 s

ci
en

ce
s,

 th
e 

in
te
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on

ne
ct

in
g

of
 m

an
y 

di
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er
en

t l
in
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of

 e
nq

ui
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. W
e 

ha
ve

 a
lr

ea
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 s
ee

n 
th

at
 it

 r
eq
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re

s 
an

 in
te
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io
n 
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an
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om

y 
an

d 
ph
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lo
gy

, t
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iv
e 
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e 
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nd
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e 
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s 
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t f
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.
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d 
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 th
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 c
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e 

ot
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e 
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es
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an
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.
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 b
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 b
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e
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e 

liv
in

g 
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 d
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.
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 c
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ve
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if
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e 
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r 
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un
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 w

e
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 s
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d 
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E
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ry
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 d
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d 
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se
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rd

er
 c

on
tr
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 w
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ch
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rm
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 W

he
n 

a 
m
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cl

e 
is

 c
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le
d 

in
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iv
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, m
an

y 
ca
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ry
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s 
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w
hi
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 n
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m

al
ly
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 c
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se
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W
he

n 
ex

er
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se
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ea
se
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 th

e 
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 c

lo
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w

n 
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n.
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 th

e 
m

us
cl

e 
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 u
se

d 
re

pe
at

ed
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ve

r 
a 

su
ff

ic
ie

nt
 le

ng
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m
e,
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ow

ev
er

, t
he
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um
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r 
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 b

ed
s 

w
hi

ch
 s

up
pl

y 
it,

 e
ve

n 
in
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s
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g 

st
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e,
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er
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se
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n 

ex
er
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r 
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a
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pp
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w

er
ed

 b
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op
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f 
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e 
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w
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ch
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 b
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es
 e
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ai
nt

en
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h 
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 c
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e
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d 
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op
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if
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e 
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d 
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ie
nt
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m

e 
in
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m

er
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e.
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 o
cc

ur
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 th

e 
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se
 o

f 
w

at
er

 u
til
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n
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 th

e 
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ey

s
an
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in
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n 

th
e 

ca
se

 o
f 
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 te
m

pe
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tu
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 b
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, t

he
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y 

ca
n
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if
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m
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t d
ep
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T

he
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 c
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 th

e 
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rs
t p
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, t
he

y 
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e
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d-
or
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r 
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an
ce
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t o
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m
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m

en
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 n

ee
d
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d 
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ce

s 
w
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ch
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re

 o
f 

th
e 
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e 
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ng

al
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e.
In

 th
e

se
co

nd
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la
ce

, t
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y 
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e 
ch

an
ge
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in
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 d
eg

re
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ch
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e
te
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ke

 f
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 g
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nt
ed

.
B
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s 
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 f
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t f
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ou
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n 
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 b

e 
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t
an
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an
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 c
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e 
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he
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w
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 a
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ig
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tit
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 d
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ea
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ig
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ue
s.

 T
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m
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nt
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f 

ox
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m
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ir
 w

e 
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th
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h 
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ve
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 d

em
an
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n 

un
de
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e
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ie
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st
 c
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m
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an
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ds
 th

e 
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In
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w
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ev
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 c
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.
T
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e 
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t f
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h 
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w
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e.

M
an
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ge
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w
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ng
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ut
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or
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y 
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e
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 d
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en
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th
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d 

pr
es
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ra
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.
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ut
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t l
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 c
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 c
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ng
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e 
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d
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T
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 c
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 d
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e 
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e
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 p
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l m
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 f
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 c
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 d
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 c
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 r
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 c
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 c
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 f
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t
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 d
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 o
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 m
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at
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.
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 m
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e 

ex
pe

nd
itu

re
 o

f
en

er
gy

 (
 a

ct
iv

e 
tr

an
sp

or
t)

.
T

ho
ug

h 
H

al
da

ne
's

 d
at

a 
ha

ve
 b

ee
n 

ch
al

le
ng

ed
 (

be
ca

us
e 

of
 th

e
do

ub
tf

ul
 a

cc
ur

ac
y 

of
 th
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 o
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 r
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.
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t b
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 d
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 c
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 c
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 c
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cu
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ng
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d 

de
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 m
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m
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 f
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e 
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re
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t p
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 c
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re
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.
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 a
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if
fe
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nt

 s
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f 
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e 
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 c
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d,

 n
er

ve
s 

w
hi
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e 
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 p
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ro
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, m
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 c
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 p
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 r
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 c
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 d
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 p
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 c
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, c
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 d
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 c
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 c
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 p
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t o
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 c
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 m
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at
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THE NEED FOR A THIRD PRINCIPLE OF ENQUIRY

Such events as these point to the usefulness of a principle of enquiry
in biology, one that will open doors to which the classical conception
has no key. The classical conception in its pristine form depends on
a fixed structure, a fixed function, and a fixed relation between the
two. A fixed function is the knowledge object at which the enquiry
aims. A definite structure .( and action) is required in order to yield
the data which this pattern of enquiry must use. A fixed relation
between the two is the ground on which the data of structure, locus,
and action are interpreted to yield knowledge of function,

By contrast, such flexibilities and varipotencies as we have just de-
scribed point to a new knowledge-object which requires a new kind
of data and a new pattern for its interpretation. Instead of knowl-
edge about one collection of regular, recurrent parts, we will want
knowledge about changeable parts within the set; even, possibly, of
changeable sets. For example, we would no longer ask, "What is the
cellular structure of the lung?" Rather, we would ask (by analogy
to Haldane's report), "What is the repertory possessed by this organ,
the several cellular arrangements and architectures of which it is
capable?"

This new question would bring in its wake two related ones: (1)
What conditions evoke this, that, or the other item in the repertory?
(2) What are the complex, subtle processes by which one item of
the repertory, one cellular architecture, is replaced by another?

By questions such as these we could seek out the flexibilities of our
"parts." We also want to seek out the flexibilities of our "whole."
This can be done by an analogous shift of the problem we pose. We
would no longer ask, "What is the function or role of this organ?"
Instead, we would ask, "When parts X, Y, and Z do thus and so,
what role does part A play?" We would then ask, "When X, Y, or
Z is changed in such-and-such a way, what correlative change takes
place in Awhat new roles does it play to make of A, X, Y, and Z an
integrated whole?"

Such a pattern of research reflects the conception of the self-regula-
tory organism.
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APPENDIX B

COPY (' "EXPERIMENTS IN PLANT HYBRIDISATION" (Pp. 1-13),

BY GREGOR MENDE!.

This paper was used in Shawnee Mission West high school biology

classes as a basis for "Inquiry into Inquiry" discussion in Chapter

Seven. It is reprinted from "Experiments in Plant Hybridisation" by

Gregor Mendel, Harvard University Press, Cambridge, 1958, with

permission of the publisher.
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is

co
ve

r 
th

e 
re

la
tio

ns
 in

 w
hi

ch
 th

e
hy

br
id

 f
or

m
s 

st
an

d
to

w
ar

ds
 e

ac
h 

ot
he

r 
an

d 
al

so
 to

w
ar

ds
 th

ei
r 

pr
og

en
ito

rs
it 

ap
pe

ar
s

to
 b

e 
ne

ce
ss

ar
y 

th
at

 a
ll

m
em

be
rs

 o
f 

th
e 

se
ri

es
 d

ev
el

op
ed

 in
 e

ac
h

su
cc

es
si

ve
 g

en
er

at
io

n 
sh

ou
ld

 b
e,

 w
ith

ou
t e

xc
ep

tio
n,

su
bj

ec
te

d 
to

ob
se

rv
at

io
n.

A
t t

he
 v

er
y 

ou
ts

et
 s

pe
ci

al
 a

tte
nt

io
n 

w
as

de
vo

te
d 

to
 th

e 
L

eg
u-

ve
m

os
ac

 o
n 

ac
co

un
t

of
 th

ei
r 

pe
cu

lia
r 

fl
or

al
 s

tr
uc

tu
re

. E
xp

er
im

en
ts

w
hi

ch
 w

er
e 

m
ad

e 
w

ith
 s

ev
er

al
 m

em
be

rs
 o

f 
th

is
fa

m
ily

 le
d 

to
 th

e
re

su
lt 

th
at

 th
e 

ge
nu

s 
Pi

su
m

 w
as

 f
ou

nd
 to

 p
os

se
ss

th
e 

ne
ce

ss
ar

y
qu

al
if

ic
at

io
ns

.
So

m
e 

th
or

ou
gh

ly
 d

is
tin

ct
 f

or
m

s 
of

 th
is

 g
en

us
 p

os
se

ss
ch

ar
ac

te
rs

w
hi

ch
 a

re
 c

on
st

an
t, 

an
d 

ea
si

ly
 a

nd
 c

er
ta

in
ly

 r
ec

og
ni

za
bl

e,
 a

nd
w

he
n 

th
ei

r 
hy

br
id

s 
ar

e 
m

ut
ua

lly
 c

ro
ss

ed
 th

ey
 y

ie
ld

 p
er

fe
ct

ly
fe

rt
ile

pr
og

en
y.

Fu
rt

he
rm

or
e,

 a
 d

is
tu

rb
an

ce
 th

ro
ug

h 
fo

re
ig

n 
po

lle
n

ca
nn

ot
 e

as
ily

 o
cc

ur
, s

in
ce

 th
e 

fe
rt

ili
si

ng
 o

rg
an

s 
ar

e
cl

os
el

y 
pa

ck
ed

in
si

de
 th

e 
ke

el
 a

nd
 th

e 
an

th
er

 b
ur

st
s 

w
ith

in
 th

e 
bu

d,
 s

o 
th

at
 th

e
st

ig
m

a 
be

co
m

es
 c

ov
er

ed
 w

ith
 p

ol
le

n 
ev

en
 b

ef
or

e 
th

e 
,lo

w
er

 o
pe

ns
.

T
hi

s 
ci

rc
um

st
an

ce
 is

 o
f 

es
pe

ci
al

 im
po

rt
an

ce
. A

s 
ad

di
tio

na
la

dv
an

-
ta

ge
s 

w
or

th
 m

en
tio

ni
ng

, t
he

re
 m

ay
 b

e 
ci

te
d

th
e 

ea
sy

 c
ul

tu
re

 o
f 

th
es

e
pl

an
ts

 in
 th

e 
op

en
 g

ro
un

d 
an

d 
in

 p
ot

s,
 a

nd
 a

ls
o 

th
ei

r 
re

la
tiv

el
y 

sh
or

t
pe

ri
od

 o
f 

gr
ow

th
.

A
rt

if
ic

ia
l f

er
til

is
at

io
n 

is
 c

er
ta

in
ly

 a
 s

om
ew

ha
t

el
ab

or
at

e 
pr

oc
es

s,
 b

ut
 n

ea
rl

y 
al

w
ay

s 
su

cc
ee

ds
,

Fo
r 

th
is

 p
ur

po
se

th
e 

bu
d 

is
 o

pe
ne

d 
be

fo
re

 it
 is

 p
er

fe
ct

ly
 d

ev
el

op
ed

, t
he

 k
ee

l i
s

re
m

ov
ed

, a
nd

 e
ac

h 
st

am
en

 c
ar

ef
ul

ly
 e

xt
ra

ct
ed

 b
y 

m
ea

ns
 o

f 
fo

rc
ep

s,
af

te
r 

w
hi

ch
 th

e 
st

ig
m

a 
ca

n 
at

 o
nc

e 
be

 d
us

te
d 

ov
er

 w
ith

 th
e 

fo
re

ig
n

po
lle

n.
In

 a
ll,

 th
ir

ty
-f

ou
r 

m
or

e 
or

 le
ss

 d
is

tin
ct

 v
ar

ie
tie

s 
of

 P
ea

s 
w

er
e

ob
ta

in
ed

 f
ro

m
 s

ev
er

al
 s

ee
ds

m
en

 a
nd

 s
ub

je
ct

ed
 to

 a
 tw

o 
ye

ar
s'

 tr
ia

l.
In

 th
e 

ca
se

 o
f 

on
e 

va
ri

et
y 

th
er

e 
w

er
e 

no
tic

ed
, a

m
on

g 
a 

la
rg

er
 n

um
-

be
r 

of
 p

la
nt

s 
al

l a
lik

e,
 a

 f
ew

 f
or

m
s 

w
hi

ch
 w

er
e 

m
ar

ke
dl

y 
di

ff
er

en
t.

T
he

se
, h

ow
ev

er
, d

id
 n

ot
 v

ar
y 

in
 th

e 
fo

llo
w

in
g 

ye
ar

, a
nd

 a
gr

ee
d

en
tir

el
y 

w
ith

 a
no

th
er

 v
ar

ie
ty

 o
bt

ai
ne

d 
fr

om
 th

e 
sa

m
e 

se
ed

sm
an

; t
he

se
ed

s 
w

er
e 

th
er

ef
or

e 
do

ub
tle

ss
 m

er
el

y 
ac

ci
de

nt
al

ly
 m

ix
ed

. A
ll 

th
e

ot
he

r 
va

ri
et

ie
s 

yi
el

de
d 

pe
rf

ec
tly

 c
on

st
an

t a
nd

 s
im

ila
r 

of
fs

pr
in

g;
 a

t
an

y 
ra

te
, n

o 
es

se
nt

ia
l d

if
fe

re
nc

e 
w

as
 o

bs
er

ve
d

du
ri

ng
 tw

o 
tr

ia
l y

ea
rs

.
Fo

r 
fe

rt
ili

sa
tio

n 
tw

en
ty

-t
w

o 
of

 th
es

e 
w

er
e 

se
le

ct
ed

 a
nd

 c
ul

tiv
at

ed
du

ri
ng

 th
e 

w
ho

le
 p

er
io

d 
of

 th
e 

ex
pe

ri
m

en
ts

.
T

he
y 

re
m

ai
ne

d
co

ns
ta

nt
 w

ith
ou

t a
ny

 e
xc

ep
tio

n.
T

he
ir

 s
ys

te
m

at
ic

 c
la

ss
if

ic
at

io
n 

is
 d

if
fi

cu
lt 

an
d 

un
ce

rt
ai

n.
If

 w
e

ad
op

t t
he

 s
tr

ic
te

st
 d

ef
in

iti
on

 o
f 

a 
sp

ec
ie

s,
 a

cc
or

di
ng

 to
 w

hi
ch

 o
nl

y

4

th
os

e 
in

di
vi

du
al

s 
be

lo
ng

 to
 a

 s
pe

ci
es

 iv
hi

ch
 u

nd
er

 p
re

e'
is

el
y 

th
e

sa
m

e 
ci

rc
um

st
an

ce
s 

di
sp

la
y 

pr
ec

is
el

y
si

m
ila

r 
ch

ar
ac

te
rs

, n
o 

tw
o 

of
th

es
e 

va
ri

et
ie

s 
co

ul
d 

be
 r

ef
er

re
d 

to
 o

ne
 s

pe
ci

es
.

A
cc

or
di

ng
 to

 th
e

op
in

io
n 

of
 e

xp
er

ts
, h

ow
ev

er
, t

he
 m

aj
or

ity
 b

el
on

g 
to

 th
e 

sp
ec

ie
s

Pi
su

m
 s

at
ir

m
n;

 w
hi

le
 th

e 
re

st
 a

re
 r

eg
ar

de
d 

an
d 

cl
as

se
d,

 s
om

e 
as

si
ll 

-s
pe

ci
es

 o
f 

P.
 s

at
ir

um
, a

nd
 s

on
ic

 a
s 

in
de

pe
nd

en
t s

pe
ci

es
, s

uc
h 

as
P.

 q
ua

dr
at

um
, P

. s
ac

ch
ar

at
um

, a
nd

 P
. u

m
be

lla
tu

m
. T

he
 p

os
iti

on
s,

bl
IW

C
V

er
. w

hi
el

l m
ay

 b
e 

as
si

gn
ed

 to
 th

em
 in

 a
 c

la
ss

if
ic

at
or

y 
sy

st
em

ar
e 

qu
ite

 im
m

a 
fe

ri
a'

 f
or

 th
e 

pu
rp

os
es

 o
f

th
e 

ex
pe

ri
m

en
ts

 in
 q

ue
s-

tio
n.

It
 h

as
 s

o 
fa

r 
be

en
 f

ou
nd

 to
 b

e 
ju

st
 a

s 
im

po
ss

ib
le

 to
 d

ra
w

 a
sh

ar
p 

lin
e 

be
tw

ee
n 

th
e 

hy
br

id
s 

of
 s

pe
ck

s 
an

d 
va

ri
et

ie
s 

as
 b

et
w

ee
n

sp
ec

ie
s 

an
d 

va
ri

et
ie

s 
th

em
se

lv
es

.
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D
IV

IS
IO

N
 A

N
D

 A
R

R
A

N
G

E
M

E
N

T
 O

F 
T

IM
 E

X
PE

R
IM

E
N

T
S

If
 tw

o 
pl

an
ts

 w
hi

ch
 d

if
fe

r 
co

ns
ta

nt
ly

 in
 o

ne
 o

r 
se

ve
ra

l c
ha

ra
ct

er
s

be
 c

ro
ss

ed
, n

um
er

ou
s 

ex
pe

ri
m

en
ts

 h
av

e 
de

m
on

st
ra

te
d 

th
at

 th
e

co
m

m
on

 c
ha

ra
ct

er
s 

ar
e 

tr
an

sm
itt

ed
 u

nc
ha

ng
ed

 to
th

e 
hy

br
id

s 
an

d
th

ei
r 

pr
og

en
y;

 b
ut

 e
ac

h 
pa

ir
 o

f 
di

ff
er

en
tia

tin
g 

ch
ar

ac
te

rs
, o

n 
th

e
ot

he
r 

ha
nd

, u
ni

te
 in

 th
e 

hy
br

id
 to

 f
or

m
 a

 n
ew

 c
ha

ra
ct

er
, w

hi
ch

 in
th

e 
pr

og
en

y 
of

 th
e 

hy
br

id
 is

 u
su

al
ly

 v
ar

ia
bl

e.
 T

he
 o

bj
ec

t o
f 

th
e

ex
pe

ri
m

en
t w

as
 to

 o
bs

er
ve

 th
es

e 
va

ri
at

io
ns

 in
 th

e 
ca

se
 o

f 
ea

ch
 p

ai
r

of
 d

if
fe

re
nt

ia
tin

g 
ch

ar
ac

te
rs

, a
nd

 to
 d

ed
uc

e 
th

e 
la

w
 a

cc
or

di
ng

 to
w

hi
ch

 th
ey

 a
pp

ea
r 

in
 th

e 
su

cc
es

si
ve

 g
en

er
at

io
ns

. T
he

 e
xp

er
im

en
t

re
so

lv
es

 ii
se

lf
 th

er
ef

or
e 

in
to

 ju
st

 a
s 

m
an

y 
se

pa
ra

te
 e

xp
er

im
en

ts
 a

s
th

er
e 

ar
e 

co
ns

ta
nt

ly
 d

if
fe

re
nt

ia
tin

g 
ch

ar
ac

te
rs

 p
re

se
nt

ed
 in

 th
e

ex
pe

ri
m

en
ta

l p
la

nt
s.

T
he

 v
ar

io
us

 f
or

m
s 

of
 P

ea
s 

se
le

ct
ed

 f
or

 c
ro

ss
in

g 
sh

ow
ed

 d
if

fe
re

nc
es

in
 th

e 
le

ng
th

 a
nd

 c
ol

ou
r 

of
 th

e 
st

ei
n;

 in
 th

e 
si

ze
 a

nd
 f

or
m

 o
f 

th
e

le
av

es
; i

n 
th

e 
po

si
tio

n,
 c

ol
ou

r,
 a

nd
 s

iz
e 

of
 th

e 
fl

ow
er

s;
 in

 th
e 

le
ng

th
of

 th
e 

fl
ow

er
 s

ta
lk

; i
n 

th
e 

co
lo

ur
, f

or
m

, a
nd

 s
iz

e 
of

 th
e 

po
ds

; i
n 

th
e

fo
rm

 a
nd

 s
iz

e 
of

 th
e 

se
ed

s;
 a

nd
 in

 th
e 

co
lo

ur
 o

f 
th

e 
se

ed
-c

oa
ts

 a
nd

of
 th

e 
al

bu
m

en
 (

co
ty

le
do

ns
).

 S
om

e 
of

 th
e 

ch
ar

ac
te

rs
 n

ot
ed

 d
o 

no
t

pe
rm

it 
of

 a
 s

ha
rp

 a
nd

 c
er

ta
in

 s
ep

ar
at

io
n,

 s
in

ce
 th

e 
di

ff
er

en
ce

 is
 o

f 
a

" 
m

or
e 

or
 le

ss
 "

 n
at

ur
e,

 w
hi

ch
 is

 o
ft

en
 d

if
fi

cu
lt 

to
 d

ef
in

e.
Su

ch
ch

ar
itt

i:r
s 

co
ul

d 
no

t h
e 

ut
ili

se
d 

fo
r 

th
e 

se
pa

ra
te

 e
xp

er
im

en
ts

; t
he

se
.

co
ul

d 
on

ly
 b

e 
ap

pl
ie

d 
to

 c
ha

ra
ct

er
s 

w
hi

ch
 s

ta
nd

 o
ut

 c
le

ar
ly

 a
nd

de
fi

ni
te

ly
 in

 th
e 

pl
an

ts
. L

as
tly

, t
he

 r
es

ul
t m

us
t s

ho
w

 w
he

th
er

 th
ey

,
in

 th
ei

r 
en

tir
et

y,
 o

bs
er

ve
 a

 r
eg

ul
ar

 b
eh

av
io

ur
 in

 th
ei

r 
hy

br
id

 u
ni

on
s,

an
d 

w
he

th
er

 f
ro

m
 th

es
e 

fa
ct

s 
an

y 
co

nc
lu

si
on

 c
an

 b
e 

co
m

e 
to

 r
e-

ga
rd

in
g 

th
os

e 
ch

ar
ac

te
rs

 w
hi

ch
 p

os
se

ss
 a

 s
ub

or
di

na
te

 s
ig

ni
fi

ca
nc

e
hi

 th
e 

ty
pe

.
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T
he

 c
ha

ra
ct

er
s 

w
hi

ch
 w

er
e 

se
le

ct
ed

 f
or

 e
xp

er
im

en
t r

el
at

e:
1.

 T
o 

th
e 

di
ff

er
en

ce
 in

 th
e 

fo
rm

 o
f 

th
e 

ri
pe

 s
ee

ds
. T

he
se

 a
re

ei
th

er
ro

un
d 

or
 r

ou
nd

is
h,

 th
e 

de
pr

es
si

on
s,

 if
 a

ny
, o

cc
ur

 o
n 

th
e 

su
rf

ac
e,

be
in

g 
al

w
ay

s 
on

ly
 s

ha
llo

w
; o

r 
th

ey
 a

re
 ir

re
gu

la
rl

y 
an

gu
la

r 
an

d
de

ep
ly

 w
ri

nk
le

d 
(P

. c
ru

ad
ra

tu
m

).
2.

 T
o 

th
e 

di
ff

er
en

ce
 in

 th
e 

co
lo

ur
 o

f 
th

e 
se

ed
 a

lb
um

en
 (

en
do

sp
er

m
).

'
T

he
 a

lb
um

en
 o

f 
th

e 
ri

pe
 s

ee
ds

 is
 e

ith
er

 p
al

e 
ye

llo
w

, b
ri

gh
t y

el
lo

w
an

d 
or

an
ge

 c
ol

ou
re

d,
 o

r 
it 

po
ss

es
se

s 
a 

m
or

e 
or

 le
ss

 in
te

ns
e 

gr
ee

n
tin

t.
T

hi
s 

di
ff

er
en

ce
 o

f 
co

lo
ur

 is
 e

as
ily

 s
ee

n 
in

 th
e 

se
ed

s 
as

 [
 =

 if
j

th
ei

r 
co

at
s 

ar
e 

tr
an

sp
ar

en
t.

3.
 T

o 
th

e 
di

ff
er

en
ce

 in
 th

e 
co

lo
ur

 o
f 

th
e 

se
ed

-c
oa

t.
T

hi
s 

is
 e

ith
er

w
hi

te
, w

ith
 w

hi
ch

 c
ha

ra
ct

er
 w

hi
te

 f
lo

w
er

s 
ar

e 
co

ns
ta

nt
ly

 c
or

re
-

la
te

d;
 o

r 
it 

is
 g

re
y,

 g
re

y-
br

ow
n,

 le
at

he
r-

br
ow

n,
 w

ith
 o

r 
w

ith
ou

t
vi

ol
et

 s
po

tti
ng

, i
n 

w
hi

ch
 c

as
e 

th
e 

co
lo

ur
 o

f 
th

e 
st

an
da

rd
s 

is
 v

io
le

t,
th

at
 o

f 
th

e 
w

in
gs

 p
ur

pl
e,

 a
nd

 th
e 

st
er

n 
in

 th
e 

ax
ils

 o
f 

th
e 

le
av

es
 is

 o
f

a 
re

dd
is

h 
tin

t. 
T

he
 g

re
y 

se
ed

-c
oa

ts
 b

ec
om

e 
da

rk
 b

ro
w

n
in

 b
oi

lin
g

w
at

er
.

4.
 T

o 
th

e 
di

ff
er

en
ce

 in
 th

e 
fo

rm
 o

f 
th

e 
ri

pe
 p

od
s.

T
he

se
 a

re
ei

th
er

 s
im

pl
y 

in
fl

at
ed

, n
ot

 c
on

tr
ac

te
d 

in
 p

la
ce

s;
 o

r 
th

ey
 a

re
 d

ee
pl

y
co

ns
tr

ic
te

d 
be

tw
ee

n 
th

e 
se

ed
s 

an
d 

m
or

e 
or

 le
ss

 w
ri

nk
le

d 
(P

.
sa

cc
ha

ra
tu

m
).

5.
 T

o 
th

e 
di

ff
er

en
ce

 in
 th

e 
co

lo
ur

 o
f 

th
e 

un
ri

pe
 p

od
s.

 T
he

y 
ar

e
ei

th
er

 li
gh

t t
o 

da
rk

 g
re

en
, o

r 
vi

vi
dl

y 
ye

llo
w

, i
n 

w
hi

ch
 c

ol
ou

ri
ng

 th
e

st
al

ks
, l

ea
f-

ve
in

s,
 a

nd
 c

al
yx

 p
ar

tic
ip

at
e.

2
6.

 T
o 

th
e 

di
ff

er
en

ce
 in

 th
e 

po
si

tio
n 

of
 th

e 
fl

ow
er

s.
 T

he
y 

ar
e 

ei
th

er
ax

ia
l, 

th
at

 is
, d

is
tr

ib
ut

ed
 a

lo
ng

 th
e 

m
ai

n 
st

em
; o

r 
th

ey
 a

re
 te
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Expt. 7. The offspring of 28 plants inherited the long axis, and
those of 72 plants some the long and some the short axis.

In each of these experiments a certain number of the plants came
constant with the dominant character. For the determination of
the proportion in which the separation of the forms with the con-
stantly persistent character results, the two first experiments are
of especial importance, since in these a larger number of plants can
be compared. The ratios 1.93 to 1 and 2.13 to 1 gave together
almost exactly the average ratio of 2 to 1. The sixth experiment
gave a quite concordant result; in the others the ratio varies more
or less, as was only to be expected in view of the smaller number of
100 trial plants. Experiment 5, which shows the greatest depar-
ture, was repeated, and then, in lieu of the ratio of 60 and 40, that
of 65 and 35 resulted. The average ratio of 2 to 1 appears, therefore,
as fixed with certainty. It is therefore demonstrated that, of those
forms which possess the dominant character in the first generation,
two-thirds have the hybrid-character, while one-third remains
constant with the dominant character.

The ratio of 3 to 1, in accordance with which the distribution of
the dominant and recessive characters results in the first genera-
tion, resolves itself therefore in all experiments into the ratio of
2:1:1 if the dominant character be differentiated according to its
signific ance as a hybrid-character or as a parental one. Since the
members of the first generation [F2] spring directly from the seed
of the hybrids [F1], it is now clear that the hybrids form seeds having
one or other of the two differentiating characters, and of these one-half
develop again the hybrid form, while the other half yield plants which
remain constant and receive the dominant or the recessive characters
[respectively] in equal numbers.
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